Medicos Hub 


Medicos Hub 


Medicos Hub 


CONTENTS 


PERIODIC CLASSIFICATION 


Dobereiner's Triads 

Newland's Law of Octaves 

Lother Meyer's Classification 

Mendelee v's Periodic Table and Periodic Law-1869 
Modern Periodic Law-Periodic Table based on 
Moseley's contribution 
Classification and Long form of Periodic Table on 
the basis of Electronic 


Types of elements based on Electronic configuration 


Uhr UC No € 


Introduction "m 

Position of hydrogen in the Periodic table Я 4 
Industria] preparations of Hydrogen <> 
Atomic Hydrogen 


Binary Compounds of Iyd rog: 4 
Isotopes of Hydrogen 


PERICOS Hub 


4.1 Introduction к 
42 “Boric Acid (H,BO,) М 
43 Metallurgy of Metals 
44  Allotropy A 
4.5 Lead Pigments = 
46 . Nitric Acid (HNO) 

47  Allotropic forms of sulphur ja 
48 Hydrogen Sulphide 8 
49 Sulphuric acid is 


4.10 Chlorine 


à - BLOCK ELEMENTS 


5.1. Introduction 80 
5.2 Occurrence of the Transition elements in Pakistan 81 
53 General Characteristics 81 
5.4 Metallurgy of Copper 87 
5.5 Chemistry of Silver Nitrate (AgNO) 89 
56 Copper Sulphate (CuSO; 5H,O; E Wu 9 
5.7 Potassium Chromate 91 
5.8 X Potassium Dichro 91 
5.9 Potassium Perman 92 


5, 12 Silvering of Mi 0 
5.13 Tin Plating = 


Medicos Hub 


6.1. Natural sources of organic compounds 


62. Petroleum ма 
6.3 Cracking " 108 
6.4 Polymerization 104 


6.5 Classification of organic compounds or Types of Organic compounds 105 
6.6 Homologous series 106 


6.7 ~ Isomerism 108 
6.8 Nomenclature 112 


n 
Rh Aa: 


A 4 Ч " А. „ 
эана сайры o 


Medicos Hub 


9.1 Alcohols : 
9:2 Phenols i 6 
9.3 Ethers 9 
94 Aldehydes and Ketones 193 
9.5 Carboxylic acids “ 


9,6 Esters 


10.1. Definition and Introduction 215 
10.2 Food and Nutrition 215 
10.3 Carbohydrates 220 
10.4 Amino acids 221 
10.5 Proteins 2279030 
10.6 | Lipids |. 236. 


. 109 Digestion of food 
10.10 Absorption or Assimil 


11.4 Rayon (Fibre) 
11.5 Plastics 
11.6 Paints 


Medicos Hub 


HAYA у 
PART 1 


INORGANIC CHEMISTRY 


CHAPTER 1 


PERIODIC CLASSIFICATION | 


1.1 INTRODUCTION mde zai y Ma 
The aim ofthe classification of elementsisto group tog: 
those elements which resemble each other in so | E 
separate those elements whic cla s 
clearly be that which brings tà 
another in the greatest num де: 
12 DOBEREINER'S TRI 
After the acceptance of at 
Were made to find out i: 
elements and their atomic г 
that within a group of des at 
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i ly the same (eg. Iron, 

roperties, the atomic masses are either near 
beds and nickel) or the atomic mass of the middle element ls 
approximately the arithmetic mean of other two elements. These are 


called Dobereiner's triads. 
TRIADS | 
Atomic Mass Arithmetic Mean 


Chlorine 
Bromine 
Iodine 


35.5+ 126.5 = 81 


Calcium 40 
Triads >| [ Strontium 87 137+40 _ ад 
Barium 137 2 


1.3 NEWLAND'S LAW OF OCTAVES 
The next attempt was made by an English chemist Newland 
between 1864-1 869. He arranged th e elements inthe ascending order 
of their atomic weig 1i & ni eso a 
elerient were simil: x 
elements as the“ 
then known accordingly, ) 


Newland'g; 
Li-7 \ Ве=9,4 
Na-23 Mg-24 

In this cla: 


JUL 


+ Ly. 
1: wé 


into groups of e 
(i). This і 
elements into a 


2 


Medicos Hub 


1.4 LOTHAR MEYER'S CLASSIFICATION 


Lothar Meyer, a German chemist published ( 
odic table in a book in 1864 and he extended it in. CO omen 
56 elements arranged in groups from I to VIII. Further to bring in light 
the concept of chemical periodicity, Lothar Meyer plotted the values 
of certain physical properties such as atomi | 
weigh 


cvolumes, against : 
ts, and obtained different curves. He observed T ӨР ses a 
with similar physical properties occupied similar position in the 
curve. For example, alkali metals occupy the peaks of the curves, and 
the halogens and elements forming acidic oxides occur on the 


ascending portion of the curves. 
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Lothar Meyer's periodic classification could not receive Prope, 
attention. There may be two reasons for this; 

(1) Meyer's periodic table was incomplete compared With 
Mendeleev's periodic table which was published in the same year with 
remarkable predictions of discoveries of certain elements, 

(ii) Meyer's classification was supported by a study of various 
Physical properties such as atomic volumes, malleability, brittleness. 
and electro chemical behaviour related with atomic weights with ng 
empirical or logical! basis for classification, as we find in Mendeleeys 
periodic classification whichis entirely based on periodic law. 


1.5 MENDELEEV'S PERIODIC TABLE AND PERIODIC 
LAW-1869 
In the year 1869 Mendeleev mainly on the basis of physical and 


chemical properties discovered empirically a law known as periodic 


law which he stated as "The properties of the elements are a periodic 
function of their atomic weights". 


Mendeleev's periodic table 
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Mendeleev's law is an extension or : 
Although there was no fundamental basis a аек E Octaves. 
lack of knowledge about the atomic Structure or atomic € law, due to 
the classification of elements on the basis of Perlodic law уна: yet 
for predicüng unknown elements and for establishing a o A se 
between chemical properties and atomic weights. Mendeloco ^h) 
ranged all the then known elements in order of their increasing atomic 
ts in seven horizontal lines, called periods, and in cight vertical 
columns, called groups. It Is felt that in certain cases Mendeleey 
himself disregarded the periodic law. For instance he placed Ar(39.9) 
before K (39) and Te (127.6) before I (126.9). This fulfilled the real 
objective of classification i.e. to put together those elements which 
resemble and to separate which differ in properties. 
Mendeleev left certain gaps In his perlodic table for the elements to 
be discovered. According to his prediction he named them as Eka- 
Boron; Eka-Aluminium and Eka-Silicon. He also predicted the atomic 
weights and properties of the undIscovered elements. These elements 
were discovered in the life of Mendeleev and were named Scandium, 
Gallium, and Germanium. Further, these elements were found to 


possess properties as were predicted by Mendeleev. 


1.6 MODERN PERIODIC LAW-PERIODIC TABLE BASED 
ON MOSELEY'S CONTRIBUTION | и 


SP = -f, 5 


1913 Moseley, a British physicist 
the fundamental property of the element: le su 
relation between properties and atomic numbers: 
this ground he modified Mendeleev's; rii | 
Properties of the elements are th > periodi 
numbers and not the atomic welghts 
The modern periodic law: 
br the classification of elemen é 
Correcting the position of 
Mendeleev's periodic table. 
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This periodic table was not of much use because the represen, 
tative and the transition elements were placed in the same group side 
by side dividing each group as sub groups A and B. 

The periodic laws and the periodic tables were developeg 
empirically but they did not diminish the usefulness of the periodie 
tablc. Both contributed to the development of chemistry. 

Pcriodic law was originally an emptrical approach to express 
periodicity of the elements with increasing atomic masses or atomic 
numbers; but with further development in atomic structure, periodic 
law may be restated as: "The physical and chemical properties of the 
elements are a function of the electronic configuration of their atoms 
which vary with increasing atomic numbers in a period!c manner", 


| 1.7 CLASSIFICATION AND LONG FORM OF PERIODIC 
TABLE ON THE BASIS OF ELECTRONIC CONFIGURATION 


The electronic configuration of elements provided à sound 
fundamental basis to the classification of elements. The properties of 
elements change in a periodic manner as the atomic numbers 
Increase from one Inert gas to the next higher inert gas. Thus it would 
bc better to select inert раз. amily for studying tion be 


electronic configuration апа per 5 qur c 
The basic coneept of Aufbau D of 1 of elec- 


tronic shells is that 


The energy sequence of orbitals'is 1s, 2s, 2p, 35; 3p, 4з, 3d. 
4p, 55, 4d; 5p, 6s, 4 | Vv f 
The period Cid 


of energy levels. TÉ 
formation of vario 
similarities in electr 
blance of valence el 
the elements can be 
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Electronic 


Types of elements 
configuration 
(Valence Orbit) 
IA s-block elements 
ПА 
ША to VILA p-block active elements 
ns? np* VIII A or O p-block inert elements 
as reference point 
111 B to VIII B d-block outer transition 


(n~1)d' ns? - (n - 1)d? ns 
and I B; I B elenients or elements 
between s and p-blocks 


The period number (numbers of horizontal rows) is given by the 


Quantum number of the outermost orbit. 
The tabular arrangement following Aufbau principle is called | 


long form of periodic table. Periodic table is built up as follows on the 
"^ "^ > 


| basis of electronic co iguration: 
Period-1: This period corr 
shortest period and cont 
configuration 1s! and 18%; 
Perlod-2; This period. co 
period electrons occupy. 


this period 3s and 3 
ends at Ar. This per 
short period. 
starts with the flllir 


contains 18 elemer 
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Period-5: This period corresponds to the f] 


li 
the filling of 5s orbital followed by 4d ang le 2: Emi ^ starts with 
IL is called second long period. clements, 


electron. 


Period-7: This period includes 2 elements of s-block 
ration 7s' and 7s^, 10 elements of d-block with conf urati 
752,64! to 7s*,6d' “and 14 clenicnts of f-blocle with T rã 
7s7,Gd',4f' to 7s?,6d',5f''(Acunidcs). This 15 also an exccptional 
example where сіссігопѕ are accommodated in 5f orbitals after Gd 
acquires one clectron. 


1.8 TYPES OF ELEMENTS BASED ON ELECTRONIC 
CONFIGURATION 


with configu- 


Thc periodic table has been divided into s, p, d and f-blocks on 
the basis of clectronic configuration: | 
(1) The Noble gases:- In the periddic table, the noble gases are 
found at the cnd of each period In zero group. They are colourless 
gases upto some extent chemically unrcactive and diamagnetice. 
The elcctronic arrangement of ns*,np°is exceptionally stable. 
Discontinuitics in cnergy level diagram occur after these configura- 
tons arc attained. With the exception of helium (Z=2), 
gases have outer electronic configuration of 2s?7,2p°. No a hasa 
complete outer shell with the exception of hellum and no 


e noble 


talsand metalloids. 


d Some of the elements are paramagi gnetic. 
These include clements of s and p-blocks, 
1 (a) s-block clements:= In these 


enters ns orbital which 15 bein 

lA and IL A belong to s-block. 

from ns! to ns? where 'n' Is the сеп 
(b) p-block elements:- The ‹ 

being progressively filled аге called p-block elements. Ti 
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the groups Ili AIV A, V A, VI A, VILA and zero groups are members q 
p-block. The valence shell configuration of these elements range, 
from ns?,np! to ns*,2pº. 

(Ш) d-block elements (outer transition elements):- 
elements in which the lastelectronenters (n-1)d orbitals are called q. 
block elements. These elements are also called outer transition 
elements. The valence shell configuration of these elements range 
from ns?,(n- ya! to ns?, (n na'”. There are four serles of Outer 
transition elements, the 4th ts Incompiete. 

(tv) f-Dióck elements (Inner transition elements):~ The 
elements in which the last electron enters (n=2)f orbital are called f 
block elements or inner transition elements. They Have outer elec. 
tronic configuration: ns?,(n- nd!'.(n-2)f EI 


ASSIGNMENT 
1. Complete the following table: 


x, Identify the gr jt 
groundstate elei 


(a) 3s?,2 = 
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CHAPTER 2 


HYDROGEN 


2.1 INTRODUCTION 


i i d uses of hydrogen have 
Laboratory methods of preparation, properties an 
already — ov at secondary level. Here some more aspects of study of 
hydrogen will be considered. 


2.2 POSITION OF HYDROGEN IN THE PERIODIC TABLE 


Eléments are arranged in the periodic table on the basis of their electronic 
configuration and to some extent on the basis of their properties, Electronic 
configuration and properties of hydrogen partially resemble with the elements 
of group [A (Alkali metals), group IVA (carbon family) and with group VILA 
(halogens) but does not resemble completely with the members of any one of 

the groups. This can be seen from the following discussions: 


Hydrogen resembles with alkali metals only in possessing one electron in 
the s-orbital of the outermost shell (valence shell) but it differs from them in 


many respects, It is a gas at ordi also a non metal. It 
does not lose its valence electron and d ion like Na * because 
the valence electron in hydrogen the posit 


wi Yon metais s ch as HF, L e etc 
* rae = тел '®, 7 h Beye mn, * me iet + Я vê 
and their aqueous solutions, ionize to form hydrogen cation (НСІ == Н 
4 4: Ж 
but these Н ions or protonsunlike Na 


+ 
solvated form such as.H,O, 


It resembles with сап 
valence shell of hydroger 
ionization potential, electr 
of carbon and other mer 
respects from the mem 


12 
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Н ion bv gaining electron from Strong electro — positi c *u- 
t positive metals, Thus Na*H 
and Na *CI” arc comparable, It 15 also a gas consisting of - cia molecul 
ў olecules 


than halogens. 
In thc light of above facts, hydrogen docs not com letel ‚А 

mbers of any one of the groups mentioned. Therefore E | d ait 

hydrogen at the top of group IA, others place it at the,top of group VII 3 > 

exact position still remains undecided. The different behaviour of осер 

is because of its simplest atom which роѕѕеѕѕеѕа singly positive charged nucleus 

andonc clectron moving around the nucleus. 


231NDUSTRIAL PREPARATIONS OF HYDROGEN 


In industry, hydrogen is manufactured from water, natural gas and ammonia. 
Methods are arranged in the order of their importance: 


(ÜElectrolysis of Water; When electricity is passed through water containing 
a small quantity of an electrolyte (an acid, a base or a salt), water decompose 


into hydrogen and oxygen. Hydrogen collects at cathode and oxygen ga: 
by — product, is collected at anode, АУР 


a os 2Н, 1 + Oo Р 
AME prd 


nn 


р 
E 


The gases produced are in the purest { 
used to produce hydrogen where eleet icit; 


(ii) tam and Hydroca -b e Proces - 
When passed over nickel catalyst at 900º 
carbon monoxide commonly known as 
94.60% methanc. = 


CHo + HO — 


900% 
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(iii) 
Q : i When steam is assed over red bot er, 
atabout 1000 C, a mixture of hydrogen and carbon ымы (Water gas) i. 
formed, 
1 o 
C H,0,,, oc Ho + CO, 


Water gas 


Hydrogen is Obtainedin freestate by removing carbormonoxide from wate, 
gas. Itis d 


one by heating the mixture of two gases with more steam at 500°C in 
the presence of catalyst (Iron oxide or cobalt oxide), AS a result carbon 
monoxide is changed to carbon dioxide which can easily be separated by 
dissolving in water under high pressure leaving behind free hydrogen gas. 


FeO 
CO, +H, + H,O, 


2) — — NEED. y + 253 (0 


| © 
ib, C 
Carbon monoxide can also be removed by cooling water gas at-200°C, with 
the help of liquid air. Carbon monoxide becomes liquid and free hydrogen gas 
is separated. Traces of carbon monoxide are further removed by passing the 
contaminated hydrogen through sodium hydroxide solution which absorbs 
carbon monoxide to form sodium formate. 


со, I NaOH s ——— HCOONa (Sodium formate) 
(iv) Steam Methanol Process: A mixture of steam and vapours of methanol 
when heated at 250°C produces a mixture of hydrogen and carbon dioxide. 


o 
CHOH + HO BES „шс 


Carbon dioxide is separated Бура singt e 
pressure where by CO, 


(v) Hermal De i "mr 
stituent of natural gas) w 
into its constituent ей 


700 

CH | 

ty 

Carbon thus obtaine 
and [s used in rubber in 
pigment for inks, plastic 


14 
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ing the liquid ammonia fro Th 


m cyli à This process : p 
an active catalyst. Sylinders, heating at 1000°C and ps o o 
ver 


talyst N, t + 3H 


2.4 ATOMIC HYDROGEN 


Ordinary hydrogen exists as diat x thereforc, It 15 also call 

as molecular hydrogen, The two atoms in a molecule of hydrogen ar > 
sogether by a shared pair of electrons known as covalent bond having е he 
bond energy (104 К cal. mol”*). The molecules are very stable and b sc 
into atoms only under extreme conditions. The product obtained as a result of 
dissociation of molecular hydrogen is known as atomic hydrogen. These atoms 
have very short life and quickly combine together to form molecules again, 


omic molecules (H 


as omi gen: Atomic hydrogen is prepared by thermal 
decomposition of ordinary hydrogen or by electrical dissociation under reduced 
pressure. | 


o, 
(i) Hy + 104 Kcal 96 .]2u 
2 Electric discharge ; 
(ii) Na 1mm —0.1mm pressure 2H 


Propertie Af / 


= MN ‘ e --— VA LAW y 4 
\ | y 2 drogen; Atomic ZH @ M мө i 
than molecular hydrogen. pec n arc only 
those in which more than 104K 
of hydrogen. Reactions producing 
spontaneously. For the reactions 
Most of the reactions take pla 
room temperature, Some reat 
P+3H l 
O, + 2H 

S + 2H 


Cl, + 2H 
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Cu0+2H —— —À cu+H,0 
Agcl+H —————9 Ag + HCI 


Uses: Atomic hydrogen is used to produce atomic hydrogen torch to attain 
a temperature of 4000 — 5000*C which is employed in welding aluminium 
alloys, high chromium and nickel steels. It is based on the fact that when a jet of 
hydrogen is passed through an electric arc set up between the tungsten rods, 
atomic hydrogen is produced which atonec recombines to give a flame having 
a temperature between 4000 — 5000°С. The heat is not produced by burning 
of hydrogen but from recombination of hydrogen atoms. 


H+H 


Н, + 104 К. cal. mol"! 


Itis worth to note that hydrogen set free at the time ofits preparation from 
its compounds is also in atomic form and is commonly known as nascent ћу, 
drogen. If a substance capable of reacting with these atoms is present, the reac. 
tion will take place before any H, molecules are formed but if such a substance 
isnot present then hydrogen atoms unite together and form Н, molecules. 


That is why nascent hydrogen is more reactive than ordinary molecular hy. 
drogen. 


2.5 BINARY COMPOUNDS OF HYDROGEN 


Hydrogen combines with other elements and forms binary compounds 


which are called hydrides. Hydrogen forms binary compounds with all types of 
elements, metals and поп —metals excluding zero group gases. Hydrides, therefore, 
have also varied structures and pr So hydi ay be classified into the 
following major groups aceon ) es: 


(i) LonIc Hydrides: ' 
IA (alkali metals) and ; 
these hydrides,metal a 
16 
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hydrogen forms negative ion by gaining that ele i 
х ctron іп ord i 
shell. They have general formula M H in case of group JA er Wc its 
of metals of group IIA. Therefore, these hydrides are s iae Es “in case 
Also they possess salt like characters. Therefore, they a called e ardido. 
ike or 


saline hydrides. They are prepared : 
metals or alkaline earth metals. wy Passing hydrogen Bas over hot alkali 


Heat 
2Na + H, E 20065 Y C 2NaH,, 
Sodium hydride 
Heat à 


Ca+H, — 25 саң, 
MOC eatciumhydride 


They are colourless nonvolatile salt like solids having high melting poi 
They are sufficiently stable towards heat. Stability decreases with insine 
atomic masses. They are insoluble in organic solvents but soluble in water with 
which they react and ptoduce hydrogen. They also produce hydrogen on reac- 
tion with acids and alcohols. 

Na H + HO —— — —— NaOH + Hao, 

NaH + HCl ———— NaCl + Н 

Na H+ C,H,OH —————> C,H,ONa + Hj 
Ca i: + 29830 ——— > Ca(OH), = 2H, «q 


Such reactions are vigorous with hydrides of alkali metals and moderat ` 
hydrides of alkaline earth metals. Generally CaH, is used to prepare. ydr 


They are used as a source for producing hydrogen, as red ; AM. ts in 
metallurgical processes and as dehydrating agents for organic solvents. 


(ii) Covalent Hydrides; Elements froi 
_ binary compounds with hydrogen. T 
are called "Covalent hydrides". 


methods as shown in the following: 


> 


H, + CI, = 5. Sum 
2H +0, — 123 
Н, + 5 9 
CaC, + 2H,O 
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АКС, + 6H,O 2A1,0, + 3CH, 


Mg,N, + 6H,0 — — 3Mg(OH), + 2NH, 
Ca,P, + 6H,0 —————9 3Ca(OH), + 2PH, 
PCI, + 3H,0 ===> PO, + 3HCI 


They are colourless gages or volatile liquids having low boning points excep, 
water which has high boiling point (100 °С) dus to polarity of molecule ang 
presence of inter molecular hydrogen bonds, 


Hydrides of group ILA and IVA are neutral. Hydrides of group VA are basic 
while those of group VIA-and VIIA are generally acidic. Acidic strength 
increases from group VIA to VIA and from top to bottom. 

(iii) Complex hydrides: Members of group TILA do not form Stable binary 
compounds except boron. However, hydrides of these elements combine with 
alkali metal hydrides to form compound of complex nature possessing all the 
thréé types of chemical bonds. These compounds are called complex hydtides 
and Rave general formula ABH, where A is univalent metal ion such asi * , 


* - о o 34 
Na” etc and Bis trivalent positive ion of elements of group ША such as Bº”, 
Ad etc. 


Sl. +3. -1 
LH &AIH, ——— Li AIH, 


+1 +3 -1 
ман + BH, Na BH, 


These compounds are salt like white solids, stable upto 300°C. They are 
solubiein water in which they ionize to give ur H 
immediately reacts with wal 


. 
hele 


NaS AIH, + 4H3Q 


(N) LY] orgs 
intermediate Compositig 
metals. Properties of thés 
fore, they are named as m 
interstitial spaces (тру 

interstitial hydrides. The 
For this reason transitio 
in hydrogenation reactit 


(v) Ре mene yor 


magnesium form hydr 


18 
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large number of BeH, and M H 
are known as "Polymeric hydrided: Te are polym 


ә crized, th 
` ^ Heir structures are J 


given below: 


v7 LUIS S. E JH 
Be Be qs ad 
^ AQ “м апа Mg g 
H `H N - u^ ew "^ м, 


Their properties are intermediate between ioni : 
hydrides. П tonic hydrides and covalent 


(vi) Border Line Hydrides: These hydrides are form 
IB, IIB and few metals of Eroup IIIA such as ind ed by metals of group 


i ium and thallium e. CuH 
ZnH, and TH, These hydrides are intermediate between metallic Hydra: 
añd covalent hydrides. | 


2.6 ISOTOPES ОЕ HYDROGEN 


The existence of isotopes of elem 
in 1912-1913 while working on th 
be defined as/" he s n mic num 


It may also be defined as "Atoms that have the same number of protans but 
different number of neutrons in their respective nuclei." 


enis was first discovered by J.J. Thomson 
е properties of neon. The isotopes may 


Nearly ail elements found in nature are mixture of several isotopes. Isotopes 
of hydrogen are given special names while isotopes of other elements ar&not 
There are three isotopes of hydrogen, namely: 


given any special name, 
. \ G)Proium (0) Deuterium (iii) Tum o O. 


Ё 


; à — . agis = 
(i) Protium ( Н): It is also known г sor 

proton in the nucleus and there is one electron 

atomic number 1 and atomic mass number: 


or in the form Qs f 

ii) Deuterium (D or | H): Itisa 
name is inappropriate because the 
Tritium” which is even heavier the 


It contains one proton and one 
ls orbital. It has atomic number 1 


a Pa BL 
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naturally occurring hydrogen to the extent of about 0.0156 percent. i.e in the 


ratio 1:15000 
(ш) Tritium (T or °H): It contains | proton and 2 neutrons in the nucle, 


al. lt has atomic number 1 and atomic mass number 3 


and 1 electron in 15 orbit : 
It occurs in very small quantities in the naturally occurring hydrogen to the ex. 


tent of about 4x 10 13 percent. Itis radio — active form of hydrogen ала has 


half life of 17.5 years. 


Fig. 2.1 Fig. 2.2 Fig. 2.3- 
Añemic composition Atomic composition Atomic composition 
of protium of deuterium of tritium 


ASSIGNMENT 


I. With the help of balanced chemical equation explain what happens when: 
(i) Zine is put in dilute hydrochloric acid 
(1) Zinc is put in concentrated sodit 
(iit) Hydrogen is pas 
(iv) Hydrogen is y 


2. What do уби 
Of hydrogen. > 
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CHAPTER 3 


S—BLOCK ELEMENTS 


3.1 INTRODUCTION 


The elements of IA and ПА Broups of the periodic table afe referred to 
as "6- ements" because they are associated with ns! 


and ns? valence shell 
electronic configuration respectively as shown in table 3. 
Table 3.1 Electronic Configuration of s — block clements 
Elements of Symbol Atomic Electronic Principal 
Снос ТА Number Configuration | Oxidation State 


eee Es 


Gu | c ANA pee 
A of ^L Atomic | т ; | 
EC 
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теша. TENE 
The elements Francium —87 = ioacti Ss 
been omi i The I are called alkali 

metals because they form soluble hydroxides which are alkaline. While ILA gr. 

oup elements are known as alkaline earth metals. Their hydroxides are also 


alkaline but they are sparin ly soluble in water and these mctals exists as their 
oxides in the earth. EMB Y sol e 


The elements of both these groups with the exception of Be which gives many 
distinctly covalent compounds, form colourless ionic compounds, KMnO, is 
pink colour due to the colour of MnO, ions, In these compounds, they exhibit 
fixed oxidation State of 1 * and 2* respectively. The compounds of IA group 
and ПА group elements differ markedly in their solubility and thermal stability, 


These differences in properties arise mainly from differences in ionic size and 
charge densities. 


The lightest elements (Li and Be) of these e unique in many Ways, 
because their small sizes result in a high charge densities on the ions which 
p : Strong polarizing effects and high heats of hydration. Lithium and, 
béryilium differ markedly from their heavier congeners. Lithium has many 
similarities to its diagonal neighbour magnesium in Be group, Be shows 
resemblance to aluminium which is its diagonal neighbour in boron group, 


3:2" GROUP TRENDS IN ALKALI AND ALKALINE EARTH 
METALS 


(iy Electronegativity:— The е 
values_and are generally | 
decreases from Li throt 
electronegativity values fo 
3.2 


Elements of ~ 
Group IA 


Electronegativity 


Elements of 
Group IIA 


 Electronegativity 
22 


{ 
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(ii) lonization Potential; —  s-Block elements 


" т жщ =”. 


ter mos is less firmly heldwas the group is 
descended. These generalizations cán be seen by comparing the ionization 
enthalpy values of s — block elements givenin table 33 


Table 3.3 Firstând second Ionization enthalpies of s — block elements 


robo LA First Ionization Second Lonization 
Elements of Group Enthalpy AH-KJ mol + Enthalpy AH-KImol + 


Elements of Group ILA 


Y 


¿Y 


. The ionization enthalpies a 
¿—electrons are held, is also г 


The ionization entha ies | d г 
Broup, ) T4 


4 
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PE 1 x. 
( 
(ш) - i= The alkali 1 
metals have the largest covalent radii of all the elements in their respective 
ich exerts the 


Periods because they possess the smallest nuclear charge wh 
'Cakest ic attractive force on the outer most electrons, The element 


of Be family have the next largest atoms because of the same reasons, The 


covalent radii of these elements are listed in table 3.4. 
dos AL Moup 
á Table 34 Cofalen radii of s-block elements 


elements 
Covalem 0.123 0.157 0.203 0.216 0.236 
radius (nm) 


ILA Group Mg Ca 

clements 

Covaica! 0.089 0.089 0.174 0.198 
radius (nim) 


(iv) Radii (Sizes) of Cations:— Since the elements of IA and ILA-groups 


have large sizes. Low ionization enthalpy, low electron affinity values, these 

elements readily lose their valence electrons to form cations with a positive 

chazgeof 1º and 2' respectively. In the process of forming М!* and M** ions, 

alkali andalkalinc earth megals ag | ns of. 

gases in the previous 
Na | 
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Table 3.5 Ionic sizes Of s— block elements 


(nm) 


ILA Group Ве?” 
ions 
Cation radius} 0.031 0.065 0.099 0:343 
(nm) 


(У) Hydration Energy of lons:= The alkali and alkz 


require considerable amountofenergy to form Mis and м? ions respec- 


tively (See table 3.3). But when these ions are formed in solution, M'* ада 


а : E , | Ы tas 
M , the energy required in the tormation of gaseous ions is off set by the 


high negative valuesfor the enthalpies of hydration of the ions listed inthe table 
3.6. 


Table 3.6 Enthalpies of Hydration for s — block elements in K J mol”? 


line earth metals 


=, 
| 


The alkaline earth metal ions ( 
metal ions ( M'*) because М? 
ions. Hydration enthalpy increases 
both for M'* and M?* ions. Thus» 
metal ions as shown by its high 
enthalpy of hydration. The same is 

е ease of hydration falls down 1 


een 
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(vi) El е Potentials:— The s — block elements are powerful re 
agents and this is evident from their high negative aqueous electrode pot Ma 
(reduction) €.& Li, /Li couple has exceptionally high e ele \ 
Potential because of its large value for the hydration pote fme Pro Ote, 
Oxidation of Li toform Lilt, ion. The electrode pote Чез are y 
s sq 


А Seg 
to predict the ease of the formation of M4, ions from the da meta] ¿ 
Table 3,7 Shows the elecirode potential values of s— block elements, 


Table 3.7 Elecirode potentials (Reduction)of s— block elements 


| 


IA Group elements | 
Li /Li -3.05 | Be”” /Be -1.85 


2 
Na */Na 2% Mg^*/Mg 


М Вата 1 OLL a a ^ 
taic cells based On water-as 
E Solve wilt, = < 


e 


cannot be used in vo 
rapid oxidation by th 
—. “ 


—— ——- ше 


(vii) Densities 
and IIA groug 
masses than the 
be less dense a 


K To + A nme 
Lbecause of their 


— 


menis:— The lA 
ds naller nuclear 
ence they tend to 


Lithium, s 
: than water and 
are very soft ¢ bir crystals. All 
the alkali met irison the den- 
sities of first tr, с. Densities 
of s — block e | 


26 
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Table 3.8 Densities of s — block elements 


ПА group 
elements 


Density 
(gem? | 


The densities of elements increase as the groups are descended. Aline » \ 
earth metals are, however, denser than corresponding alkali metals in the given 5 


репо, 
The IA group metals have very low melting and boiling points. The general 


decrease in melting and boiling points is seen as the group is descended ^ 
The IIA group metals are appreciably harder than a!kali metals because the. ^ 
presence of divalent cations in their metallic structure produce greater binding e 


forces. Thus they also have larger values for their melting and boiling points as 
shown in table 3.9 


\ Table 3.9 Melting and boiling points of s —block elements 7 Ме) > 
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33 
CHEMICAL PROPERTIES OF ¿BLOCK ELEMENTS 


reat the s — block elements of the periodic tai є 
ithi We elements. The reactivity increases down eac? own each grou and ele ш 
UM group ar ; : $ 

fami P аге more reactive than corresp 

ele. Thus merattie caesium (Cs )is the most redet ve of all the S~ blog 

A f s-blockelementsis dominated by their tendency to log, 
onfiguration. This tenden 


S-valence electr: i le inert gas c 
5 Ons and to attain the stable in : К 
nigh negative electrode poten. 
n enthalpy and nigh nega : Potenti 


SY is supported by low ionizator 7 - 
Males for these elements. They are among the most powe: tul reducing agen, 
and combine directly with most non — metals yielding binary tome saigs, — = 
tions with Halogens: — 

2M + X, 2MX (M = Li, Na, etc) 

M +X, MX, (M= Be, Mg, etc) 

Reactions with Hydrogen: — 

2M + H, 2MH (All alkali metals) 

M + H, MH, (M = Ca, Sr, Ba). 


Reactions with Nitrogen: — 
6M + № ——— 2M,N (All alkali metal nitrides) 


M,N, (All alkaline earth metal nitrides except Be), 


3M_+ N, 
, Reactions wi i — The alkali anc i - 
combine with oxygen produci я E alkaline earth metals directly 


ng varie 


(O^), peroxides (O^ and super.oxid 
pends upon thé metala de 


ompounds, €.g, normal oxides 
f the uct de- 


= TOO 
Medicos Hub © de 
Reactions with water; — Most of th . 
with water violently and explosive} € alkali and alkali, 


е .B 
hydrated metal oxide on their surface © and Mg form a 


«e earth metals react 


by th Protective coating of 
from extensive corrosion by water, Mienesiom co тс Hee y protected 
boiling water. ensively with 

2M + 2H,O $: 2M * OH- T 

(Alkali metals) (aq) Hi 

2+ ~ 
M i 2H,O M COP 2; + Hsu 
(Alkaline metals) 
il 
Mg + 25,02 макону +H 


711) 


3.4 OCCURRENCE AND EXTRACTION OF METALS 


(3) Ihe Alkali Metals: — The lA group metals arc very reactivc and do not 
occur free in nature butare found in variety of compounds which аге verystable, 
The alkali metals sodium and potassium are most abundant. Caesium is rather 

"rare and Francium exists only in trace quantities as the product of radioactive 
ascay Fris itself radioactive. The metals can be obtained in the free state 


electrolysis of fused salts such as chlorides, The following discussion gives the 
extraction of sodium as an exam le. 
exuacuo > хатар 


Manufacture of Sodium by Down's Process: бух e lt. 


The electrolysis of molten sodiu & for industrial production of 


sodium metal involves the reduction of Na ions at the cathode. This is carried 
out in Downs cell shown in fig.3.1. 


Cl, 


ES 


Flg. 3.1 


Electrolysis of 
fused NaCl. 


edicos Hub ӨЛӨ О 
nucum Ow malas к 
In this Process a mixture Of sodi Í i ide ; 
electro] ed in a cylindrical outer iron cell lined with fire — bricks. Calcium 
chloride is added io sodi i i rature Tg 
~about 600°C (The melti | dium chloride is 801° is 
lowering in melting temperature makes the process feasible. The cell is fitted 
with a central graphite anode-and-a surrounding iron cathode. The tw 
electrodes are Separated by a cylindrical iron gauze diaphragm which screen 
the graphite anede from the ring — shaped iron cathode. This keeps away th, 
molten sodidm metal сњо the topof the cathode compartment from 
Baseousehlorine forníedat the anode. The sodium metal collects in the inverted 


trough (T) placéd over the cathode, rises up the pipe-(P) and is tapped P 
through the iro: veste] (V). | 


Some of the calcium ions are also reduced at the cathode to give calcium 
Métal bu! calcium being much denser than sodium, does not Mix with it and can 
ec. During electrolysis of moiten salts Na end Cl are free 

tonove to the respective electrodes and the following reactions occur: 


Ji 
castlv be separat 


N37 öns migrate to the cathode and 
are reduced by the gain of electrons. 


СЇ ions migrate to the anode and 
are oxidized by the loss of electrons, 


Quer al reaction will be as il] ustrated below: 


Ze l Є 2N2 ay Cathode reactio 4 


2N” 
2017 


¿Nar, + 2Ci^ 


+ 


— 


(b)The Alkalin: 72 
(MgCI..KCI.6H, O), аё 
15 CXITACTEC in dillere 
mixture of chlorides 
ores and heating the r 


M2CO, 
MgO,, + Cu 
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Alternately, magnesium chloride j 
nesium hydroxide by adding slaked eae water can be precipitated as mag- 


MgCl... + Ca(OH), —— Mg( OH), + ca 
Magnesiura hydroxide is heated to obtain ma avo 
verted to chloride as above. BEnestum oxide which is con- 


Calcium metal is obtained by electrol 


y 4 ysis of Pise ^ 
chloride and calcium fluoride, the latter lo à fused mure of calcium 


wers the melting point. 
Barium occurs as Barytés (BaSO,) and Whiter; pas э 

is converted into the ch'oride by reaction wi ке 
obtained by electrolysis Of fused chloride. 


: rbonate 
th hydrochloric acid 24: baric Mis 


“AN Dp 


35 INDUSTRIALLY IMPORTANT COMPOUNDS OF 
S—BLOCK ELEMENTS 


(i) 


і т -hloride (NaCl): — n chloride (i.e common salt or table 
salt sin nature as "Rock salt". Large deposits of rock salt are found in 
Pakistan at Khewra, It also occurs in $ea water to the extent of about 3 percent 
The saltis mined as solid or pumped from under gro it { 
solution known 25 "Brine" by flooding underground salt beds with water by 
boring. Most of the brine is used in industry for the production of sodium 
carbonate and sodium hydroxide. E 


— — — — * 


sea — water, the impurities such as calcium and magnesium are removed by 
treating brine with sodium carbonate : e j 
metals, 


> e > + = 
Ca Се} Na,CO,, 


Mg CI + 282301 а 
a = "SY 
Soluble barium chloride Y 


duct is suitable for industrial 
as table salt. 


Sodium chloride is an es 
Preservative. In chemical in 
chlorine gas, sodium hydro: 
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Sodium e etc. The other chemical uses of sodium chloride are 
in Blazing earthen ware, regeneration of water softeners and in salting Out of 
soap, 


(ii) Sodium Carbonate (Na,CO,):--. Sodium carbonate is manufactured 
AH — 3T vonate (Na, CU.) 


Ammonia — solvay process. The raw materials used are sodium 


la gas. The process involves three important steps and iy 
flow —sheet diagram is shown in.Fig 3.2: 


NH +tiaci solution 


Amenonial Brine 


— —— 
Ammonica! brine 


+ 
[ eon =} Waste gases 
м e 
^ BT. 
se Y 
= — Solvay tower 
pro. 3 
T 
the \ 
Fig. 3.2 T Ife T" \ 
Ammonia-Solvay Suspension of NaHCO, | 
process Filtration \\ 
o Heat _Na,cO]] | 
Бы NH,CI NaHCO,——,. CO, + масо, 


Heat 

ES Cao E caco, 

Step I — Ammoniation of Brine: In this step a saturated solution of sodium 

chloride (about 28 percent by mass) or brine is allowed to flow down an 

ammoniating tower. The tower consists of mushroom — shaped baffles at short 

intervals which control the flow of brine and ensures proper saturation with 
ammonia passing up the tower. ; 


= i | this step ammoniated 

brine is ailowed to trickle down Called (SOLVAY TOWER 

fitted with ba te. | era current of carbon dioxide gas 

е; | K the flow of liquid 

and break upth | ood conditions 

tio; jive NH. and 
HCOjions. 
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i.e. 
* 2NH, + + 
jua e n a e Ж 
п: (Н,),СО, qua + CO. * HOn — — ap" HCO, us, 
é = Rs 
The NH,and HCO, ions then react wit 


h Na* and Cl” ions of brine to 
cipitate less soluble Sodium hydrogen carbonate leaving tons of 
and chloride (NH/and Cl”) in solution. AE 


N EC * NH, HCO,; 


Atag) 


Sodium bicarbonate 
Since the overall effect of these reactions is exothermic, the temperature of 
thc material rises. This tends to increase the solubility of sodium hydrogen 
carbonate and thereby inhibits its precipitation. To counter this adverse effect 
the lower part of the tower is cooled. The precipitated product (NaHCO,) is 
removed by vacuum filtration and washed to free of ammonium salts. 


ME api i nate:— The sodium hydrogen 


carbonate is heated to give anhydrous sodium carbonate (Soda ash), 


2NaHCO,.. + HO, + CO, 


The CO, liberated by this reaction is recycled to the carbonating tower. Soda | 
ash is re — crystallized from hot aqueous solution and yields 


sodium carbonate deca hydrate(Na,CO,.10H,0) which is known as washing soda, E 
" Sources of Materials; — 
(1) Brine is obtained from natural sources of common salt. 


icos Hub | i - Ez 
м — + a 


(1) Inthe m 


è 4 i 
. 2 y 
— Sodium carbonate has extensiv 
Sodium carbon 


€ Uses: e, 
ass and water glass. 


anufacture of gl water glass is made by fusing 


ate with sand 


Na,CO, + SiO, 


===) Na, SiO, CO o 
А Sand or silica water glass 
The ordinary 


Soda glass is manufactured b 

carbonate and anhydrous sodium carbonate. 
(2) Washing 

TOM water as 


y fusing a mixture of Sand, Calcium 


Soda is us 


ed as water —softenet as it precipitates calcium ions 
carbonate, d 


2+ 
a. + Na,CO, | y 


CaCO,,, + 2Na o, 


(3) Sodium carbonate is used in the making of 503p, paper, detergents and 
micals such as NaOH: 

(iii) Sodium Hydrogen Carbonate (NaHCO,): Sodium hydrogen carbonate 
commonly known as baki n be obtained as precipitate by ammonia — 
Solvay process but it is all converted to sodium carbonate. However, sodium 
hydrogen carbonate is commercia 


lly produced by treating saturated sodium 
carbonate solution with carbon dioxide: 


Mere 
Mato HO + Po, ШЕ, — 2NaHCO, 

Uses:— Sodium hydrogen carbonate is used as baking powder, in medicines 

and as an antiacid, 

(iv) 00 Oxide о 


one of the most important chemicals of industrial use, 
carefully because it is caustic to touch 


and causes painfu 
known as caustic soda. 


Sodium hydroxide is n 

tner — Kellner's es 
Castner-Kellner's 214 
— — A cllner's 


-9f sodium hydroxid 


che 


iri 


1 


= Sodium hydroxide is 1 
This must be handled 
1 burns. It is commonly 


ow manufacture d by an electrolvt 


eu 
Construction and w ll is 
diagrammetically shi w/w 
solution of sodium c 


Medicos Hub ap 
NA tA uie - S. o 


ER 


The anodc Consists of a number of titanium Plates where 
chlorine 1s liberated, 
2C1 
The cathodc is a ste 
lysis of acqueotis 
naa at сөр ad : 
discharged as compared t 


Cl, «2c (Oxidation) 
am of owing mereury. 
Solution of s 


odium chlo 
jode respectively as H' 
ON a^ Tons y 


In ordinary process 
ride; ll, and Cl, are 
lons arc More casily 


4 % 
Titanium x 
+ anodas 
=== == Used 
== ——=> sodium chloride 
eS  —- solution * 
SSS Z= } Hydrogen 
Mercury | cathode & 
Sodium 
= | === hydroxide 
Za 
a D ñ + 


ФЕ E =| <— DENUDER 
Vater —À — Я in, 


N 3.3 E capo 
In casther - Kelner dpi ze 
due to high voltage of Н? io; к 
discharged over mercury si Tk 
Solves in mercury forming an 
2Na+2e— 
Na + Hg 


-t 
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— 7 idi ч E | 
The 


mercury Containing dissolved Sodium 1s sent to 
chamber called denuder where sodium reacts with water forme >) 
Sodium hydroxide and hydrogen, ч 
2Na / Hg + 21,0 ————>2Na0H +H, + Hg 
The Mercury is recycled to dissolve more of sodium. Denuder la 
Packed with Eraphite blocks as hydrogen 15 easily liberateq оу 
&raphite Surface; 


recess:~ (I) The process is very elilcient y 
IQCCSS;- (1) qe process 15 ve: 
Process Bives pr 


i) Tri, 
oducts of high purity. (iii) The possible Teactio 

betweth. NaOH and среда 26 
ь 2294 аон 


Z : E. р — О 
and Cl, is avoided b obtaining NaOH and C] 
UA 022 Is avoided by obtaining Na —B— 2 W. 
Separate chambers, 


van h 


> r = @) This process consumes largo 
Quantity of electricity. (и) Inspite of strict control some mercury 
vapours есй е Troe qus factory. This mercury contaminates Sea 
Water. As a result, mercury becomes parts o SSUES of marine 
animals and plants resulting in pollution of food chain. 
Hd © use of this process has been banned and is being replaced 
by Gibb's diaphragm cell process which does not use mercury bu; 
Elves the products of high purity. — 


white deliquescen -à 


| les: — lt isa 
ightly. olid. It melts at 322°C with the 
c composition. It is highly soluble in water and dissolution evolves Targe quan. 
Mies of tear ~ Tryater and dissolution evoh xX 
uémical Proper: of Soc 
(i) Sodium hydroxide is a strong alkali and ionizes fy as Na* and OH” 
ions in solution,-Its characteristic )per action on 
indicators (Litm us turns blue) anc 
Na*OH 
(ii) Sodium h 
ammonia 


nd liberate: 
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ga Rea Fe(OH) | 
However, when pr 


4 ecipitated hydroxides : 
excess of sodium hydroxide forming сотре мас tere, they redissolve in 
2+ - 
жен. Zn(OH) 
Zn(OH), (a) + 20H —A 3. (Zn(On) ў? 
T 10х97; 
etrahydroxo —Zincate (Dion 
Uses;— Sodium hydroxide is used in the 
MOSpaiñe, sodium chlorate (I) and 
In industry, it is used in the 
paper making and the manuf- 
industry, it is 


(v) Magnesium Sulphate (Epsom 


occurs in nature as Kieserite (Mgs 
sulphuric acid on magnesium me 


= Mgso, y- Magnesium — sulphate 
O, -H,0). It is prepared by the reaction of 
tS oxide, hydroxide or carbonate e.g. 


Mg * H,SO, E MgSO, *H, 
MgO + H,SO, MgSO, + H,O 
Mg(OH), + H,SO, MgSO, * ELO 
MgCO, > y + HO + 


à Thé hepta hydrate (MgS¢ 
sulphate and is common 
t is soluble in water. 
anhydrous magnesium: 


(vi) Calcium Sulpl 
all! dride. 184% ^w C 


LA. » 


sparingly soluble solid 


When gypsum (Ca 
of crystallization a: 
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—— TÃ 


{CaSO + H о) ть; 


1 
* 2 
amem, À 
tion 


A ` 
. 
e 


С 
— 


AUG е Г oH (CaSO ),-H,O + 3H,0 
Sypsum Plaster of paris 

At higher temperatures 

anbydrous calcium sulphate 


Anhydrous calcium sulphate and Eypsum being the sources 
dioxide are used in the manufacture of sulphuric acid, Gypsum is 
the making of cement. 

CaSO,:4H,0 when mixed with Water, sets in about 5 minutes toa hard mass, 
This Setting takesplace with expansion, This Property permits to use in the 
preparation of moulds used in Surgery and castings, 

BI 


(vil) Bleaching Powder:- Professor Odling Suggested the formula of 
bleaching powder as Са(осі)сі or CaOCl, on the basis of Avallable 
Pcreentage of chlorine, 


1 
Eypsum loses all the water of crystallization to Rive 


of su] 
also used 


Orine iy 
me [Са(Он),]. Itis formed a 
to the reaction. 


2 ыу Саосі, T H,O 

The bleaching powder so formed is collected: 

ous powder with smell of chlorine, 
owder is &encrally used with reasonable 

US Solution, it liberates chlorine, 

HO — Ca(OH), * Cl, 

1 acids, chlorine 1s set frec 


Саосі, + 
(11) When 1t reacts wit] 


p 
$ 
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ASSIGNMENT 


1, Explain the following: 
(i) Lithium and beryllium markedly differ from other Members of their 


respective groups. 
(ii) The first ionization enthalpies of alkali and alkaline earth metals are 
generally low. However, ioniza ation enthalpies of ITA Broup elements are 


higher than IA group elemerts. 
(iii) Ionization potential Cecreases from Li to Cs. 

(iv) Alkali metals have largest covalent radii. 

(v) Alkali and alkaline earth metals easily form cations, 

(vi) Na” ions are smaller than sodium atoms. 

(vii) Alkaline earth metal ions are more strongly hydrated than alkali 
metal ions. 

(viii) Li* ions are more readily hydrated than K * jo 

(ix) Alkali metals are powerful reducing a agents. 

(x) Li */Li couple has exceptionally high negative electrode potential. 


| @ Alkali metals cannot be used in voltaic cells. 
| \ (xii) Alkaline earth metals are harder than alkali metals, because о T diveh, 
odes are separated by AF 


(xiii) In manufacture of sodium, the two electr 
iron—gauze diaphragm. 


‚ (xiv) Alkali metals are highly reactive, 


i 
\ 


(xvi) Zinc hydroxide is soluble in 
\ буй Plaster of Paris is used in п 
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CHAPTER 4 


P—BLOCK ELEMENTS 


4.1 INTRODUCTION 


The periodic chart has been divided into 
electronic configuration. The table 4.1 show 


S, p, d and f blocks on the basis of 
з the division of s; p, d and f-block 


Table 4.1 Division of s, p, d and f - Block elements 


WA —— — —— ——— VIA 


х. is LJ 
+ é sê 
__ „ À 
+ Lá Ze | 
b 
[4 { 
re 
1 
v 
[" 
> И 
- 
——] 
м 
. 


s — Block consists of the elements : of IA and A groups ih nas ns' and 
= valence configuration. - Т Ato УША 
ү have atoms in which the ot 

ectrons ínp* to np”). The general 
182 np! to ns? np”. As it is clear t 
l electrons in the outer most shell 
“gnt (8) for УША group (excep 
of electrons occur in p—orbitals 


For example: - 6C!2 = 182 


] 


^SDOT The group num dy 
ia take da. the total number of electrons in their valence shells, as shor’ 
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er-of-electrons in their valence-shells. 


Table 4.2 Valence shell electrons 


Pu. OE 
AS 
STN 
De 
ча 


Total no: of valence electrons 


There are 30 elements in six sub — groups of p — block. Out of which 10 are 
métals and 20 are non — metals. Among these elements one is liquid, 9 are gases 


and 20 are solids. Following table 4.3, shows the metals, non — metals, gases, 
liquids and solids of p — block. | 


Table 4.3 Metals, non-metals, gases, liquids and solids in p-block elements. 
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Group - Trends:- The Properties of 

and arrangements of electrons in valence iets nee UE i. жамы 
of valence electrons would be expected to be chemically similar. Th: re B 
lements of the same group are chemically similar but sho di (Poi in 
their physical properties, due to different dec Mn 


numb pc 
shells. For example, in the elements i iih er of total electrons in inner 


ou 
of valence electrons are-these (ns?, np!) es P (boron family), the number 


d» кака ut number of i 
different, this difference is given in table 4.4, RHEE CEO axe 


Table 4.4 Difference in inner electrons 


Inner electrons 


Valence 
electrons 


| it means B, Al and Ga possess 2, 10 and 28 inner electron 
\to this reason, we do not only observe in a group a simple repe 
but also more or less marked and reg lar | 
the properties are known as Group — 
size, metallic-character increase iror 
electronegativity and ionization pc 
trends in physical properties are 
(i) Atomic Ra diit The ato nic 
elements. In each group, with the 
levels increase. Due to the increé 
radii increase down each group | 
of first element in each group is 
in atomic radii is shown in table 


o 


з |] «x 
0.20 ti- 
m 


So Medicos Hub 


Table 4.5 Trend in atomic radii in p — block elements in 
Angstrom unit (A?) 


(ii) Ionic Radii:- lons are formed by gain or loss of electrons. p — Block 
elements include metals and non—metals, so they form positive as well as 
ointed out that positive ion is smaller than its parent 


block eléments 


due to increasing atomic — radii. The values of ionic radii are given in table 4.6. 


Table 4.6 Trend in Ionic radii in p — block elements in 
Angstrom unit (A?) 


HA E IVA EČ- )) 
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(iii) Ele n vity:— - 
ared pair of electrons to Tes is eave, tendency of an ato 

the group in all P — block elements fs pce 
inversely proportional to the atomic size. The atomic size 3 ivi 
pup from top to bottom, hence electronegati mic size increases in each 
p — block elements. It means the electron Broup 
рир is highest and last el 


l f each 
own in Table 4.7. "end in electronegativity is 


Table 4.7 Electronegativity trend in p — block 
elements (No unit) 


\ (iv) Ionization Potential:- The 
uter most electron from a gaseous 
ecreases down the group in all p- 
5 no regular change. 


The ionization potential de PS 


nner energy levels. It is y / 
hielding effect i.e. smaller the 8 
Will be the attraction and he асе 


The atomic size and shieldit 
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The explanation of metallic character 
of outer Most shells is e pla 
The 


capa 
most shell is eight electr 


Medicos Hub 


group, 
where as from VA to 


+ This is because, th 
у е 
Upon various factors, such as: | 


(a) Inter atomic forces (b) Inter molecular forces (cj Structure or state 


Table 4.9 Trend in Melting and Boiling Points 
in p — block Elements. 


4.2 
SORIC ACID ( H,BO,) Medicos Hub | 
Preparation. ! dd 
6 (0 From Borax:- Boric aciq is prepared by the action of Sulphur; 
Jes olution of borax. The resulting solution on cooling gives Crystal. M 


Na;B,O, + H,SO, + 5H,0 ————— 4H,BO, + Na, sc 


(ii) From Boron Nitride:- Boric acid is also obtained by the action dt, 


heated water on boron nitride. 
H4BO, t NH, 


BN + 3H,0 
Properties: It forms soft, silky and white crystals. It is greasy in Р 
10 the gliding of sheets over one another. It is s aringly s i 
but readily soluble in hot water. It is very "CRM Г 
acid, because it is beleived that it does not only act as a proton donor bu 
a lewis acid i.e. acceptor of OH ion. ч з 
ВОН), + H,O === B(OH); +н!* 
acts as a mild antiseptic and it is al 


The aqueous solution of acid 
employed as an eye — wash. 

Boric acid on heating forms different products. At 100°C, it loses Wate 
molecule and forms metaboric acid (HBO,). At 140°C meta-boric acid ch 
to pyroboric acid (H,B,O,) and on further heating it forms boric oxide. 


100°C 
i) H, BO ———=> HBO Metaboric acid 
A-HW * 
2 


z 140°C 
ii) 4HBO, E H,B,O, (Pyroboric acid) 
E 


another and hence it | 
огах = Na,B,O,.10 
Borax is also know 
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5 PON 
AU MEA Va | 


Preparation:— (i)Borax is prepared by the acti 
orthoboric acid. y the action of NaOH or Na,CO, on 


4H, BO, + AO == м, ga o 


4H,BO, + Na CO TEE ¿O, + 6H,0 + co, g 


ii) Borax is obtained from colemanite (CaBO .5H O) wh led wi a 
Mi hones solution of Na CO.. WV Ou o Hed seit le 


Ca, BO, + 2Na, СО, ——— 2CaCO, + Na B,0, + a 


Lac cw m. RE It is a white c stalline solid, It is le. r s 
line soluti x 


on duc to hydrolysis. 


$ 
Na,B,O, + 7H,O 2NaOH + 4H BO, 4 


and in manufacture of optical E (Pyrex and jena), 
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: с Калв does not occur free 
| bined state. It comes third in 
, but it is widely distributed in com | 
ее: after oxygen and silicon in nature. It forms about13%.of the earth’s 
E — 
crust. Its important ores are given below: 


tron = A1,0,28i0, = 


(ay Silicates: = 


EX 


|. . Medicos Hub 
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Bauxite; It occurs near village Khilla of Muzaffarabad; Village Gj 
Salhan of Tehsi! Kotli ; Margilla hills of Rawalpindi ; surge of Attock distrigi 


well as in Tharparkar and Dadu districts, 
i= The varicties of corundum occur in Pakistan some of Which 


are described below: 
(a) Emerald (green = Panna): — It occurs in Mangora of Swat state an 


Mohmand agency as well as in Dir State. 
(b) Ruby (red = chüni):— ft occurs in Hunza, higher regions of Gily, 


and Azad Kashmir. 
(c) Sapphire (blue = Necluin): — It occurs near Mochel in Pador distrig 


of Kashmir. 
(d) Topaz (yellow = Pukhraj):— It occurs at Gobar —0 — Bach = 


Lutkho valley of Chitral. 


Extraction of Aluminium 


Aluminium is extracted from its ore bauxite (Al,O,.nH,O).The 


extraction involves two steps: 
(a) Purification of bauxite to alumina. 


(b) Electrolysis of Pure alumina. 
Purification of Bauxite: — 
Bauxite usually contains oxides of iron (Fe,O,) and silica (SiO). as chie 
impurities, These impurities must be removed in order to get aluminium of good 


quality because these impurities make the metal brittle and liable to corrosion, 
The bauxite may be purified by any one of the following methods depending 


upon the nature of impurities present in it: 


(i) Hall’s methgd:— This method is used f. if 1 i 

inthe F Or the pur on of bauxi 
containing e O 4 3 d silica Si O. 0 € S j im D : j ^ j 1 ag. V Я | or ј 6 аы &. | 4 a te 
is fused with sodium carbonate s A Www P Tet 


aluminate, while the impuri 
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f CO,, the ipi 
presence o UR Precipitates of ial 
forme á. aluminium hydroxide АКОН) | 


2NaAlO, + 3H,O + co, 


arc 


The precipitates of АКОН) are = 
ignited at about 1500°C to get pire aluming 00. Ie move Na,CO,, dried and 


H 
2АҚОН) — — S =, ALO 


containing excess of Fe,O,. When finely divided bauxite i 


à : | 5 reatet with stron 
caustic soda (45%), then the bauxite goes into solution as ` 


sodium aluminate 
AlI,O,.nH,O + ZNaOH ————  —— Ñ aAlO, + 2(n)H,O 

| The solution is filtered to remove Fe,O,, remaining part is same as described 

“in first method. 


(iii) Serpek's method: — This method is used for the purification of bauxite 
containing excess of silica (SiO2). The powdered bauxite is mixed with carbon 
and heated up to 1800°C in the current of nitrogen, when aluminiumnitride is 


formed. 
ALO, .nH,O + 3C + №, ———> 2AIN + 3CO + nH,O 
| 2^3 
510, + 2C Si * 2CO ^ 
| A Aluminium nitride on hydrolysis with hot water, produces precipitates of 
Al(OH), and NH, | 
" Ру. KM OF Dat N 
AIN + 3H,O mU po he > % 
Aluminium hydroxide is filtered, dried and igúlte 
| Heat 


Я 


| 


2AKOH), | 
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increases the fluidity of the melt, so that the liberated aluminium may sing о, 
the bottom of electrolytic cell. When electric current is passed through this 
muxture, then aluminiun is obtained at cathode in li uid state, SO it sinks ig 


bottom from where it is drawn periodically through the tapping hole. 


Anode 


Steel tank 


Carbon lining 


Molten. CIN BI as cathode 
ы FEA EA 

С X sa Molten 
-~ Aluminium 


Electrolysis of pure.Alumina 


Fig. 4.1(2) 
v) Refining of Aluminium by Hoope's Electrolytic method:- The 
Aluminium obtained by electrolysis of Alumina, ig 99% pure. It is 


further refined by electrolysis. The electrolysis Is carried out in fron 
box which is lined with carbon at the bottom. It contains three layers 


of [used mass. The lower layer consists of an alloy of impure alumi- 
mum with copper. This layer serves as anode. The middle layer 
consists of a solution of cryolite Na,Al Е, and Ba F5. Theupper layer 
consists of pure Aluminium and serves as cathode. The three layers 


remain separated due to the difference in specific gravily. 


Carbon rods 


Frozen layer 
of aluminium 


Pure liquid 
aluminium acting 
as cathode 


Tap for 
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On clectrolysis A]?* 


ions fro 
cr laycr whc m the mid 
T. ы аге чое reduced to Stunt are migrate to the 
ait the lower layer, These AINEA аы 
aimi G (2 ons nil 
aaa is tapped ОП from tim Y dmn 
nlum 1s obtained € to timc. In 


At cathode A+ ge 


Jif Al. 
At anode 


Е ente d. 
oes t 
verall rcaction Boes to molten cryolite) 


+ 
Al + Al. PM + AP* 


Properties of Aluminium 


(a) Physica! Properties: It is bluish white metal with brilliant silverylusture 
which is soon destroyed by the ayer of oxide formation. It is light and cheap and 
thus used in making the house hold utensils. It is malleable and ductile: It is 


resistat to corrosion. Its density is about 2.7 gm/ml. It melts at 658°C and boils 


ture of aluminium 
E al", is used in explosive bombs. 
Is used in the preparation of some important alloys, namely: 


(i) Aluminium bronze: It contains 10% of Al and 90% of Cu. 


This alloy is light, tough resistant to corre sion and golden in colo 
in the manufacture of imitation jewellery, сс уез 


(ii) Dura lumin: — Itis composed of 95% of A 
0.596 of Ni. This alloy is light; tough 
It is used in makit р eroplanes a 


(b) Chemical Properties - 


(i) Action of Air:— Alumi і 
ure but moist air forms a thin f 


Й 
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o 
ah Mod fr Om further oxidation, hence aluminium i sik — met. > 
uminium is heated strongly in air, it burns with a brilliant white light to pe 
aluminium Oxide. k ®, 


4A] + 30, mre ГАШИ, AH = —798.18 K cal/ moy 


(ii) Action of Acids; - Aluminium reacts (dissolves) with HCI and qj, нд, 
. , 1 


t 


to form H, gas. 
2A1 + 6НСІ 2AICI, + 3H, 
ZA! + 3 H,SO, ~E AL (SO ), + 3H, 
Concentrated and hot H,SO, reacts with aluminium to. form SO 
AJ,(SO, ), 2 an 
urso Д. до) д 350, 
\ 


€ passive by nitric acid. 


(iii) Action of Halogens:— Aluminium reacts with halogens during heat, | 


and forms corresponding halides: 


c.g. ; > 
2A] + 3X, 2АІХ, | 

Aluminium trihalide | 
2A] + 3Cl, 2AICI, | 
2A] + 3Br, 2A1Br, 


cts with alkalis and forms aluminates 


(iv) Action of Alkalis: — Aluminium rea 


and liberates H 2 225: 


Medicos-Hub 
(vi) Action of Carbon; — : 

2000°C, it forms aluminium; carbide: aluminium is heated With carbon Up to 
e.g. 


SMS e MS 
“3 


Aluminium carbide 


+ ALO, 
This is exothermic reaction and 
the temperatur 


Alum (Phit kari) . , The series of double sulphates of monovalent and 
trivalent metals containing 24 molecules of water of crystallization are known 


as alums. There are various compositions of alums. The alums are 
sulphates of sodium, potassium or ammonium with aluminiu 
chromium. 


* 


usually the 
m, iron or 
Examples. 


K,SO, .Al,(SO, ), -24H,0 
K,SO,.Cr, (SO, ), -24H,0 


(NH,)¿S0,.Cx (SO, ), 24H40 
(NH, SO, AL (SO, ),24H,0 — 


Out of these” alums 
(K,SO, AL (SO, ),-24H,0). Iis 

Preparation;— It is prep: 
AL (SO, ), in equimoleculer qu 
and allowed to cool when crys 


Properties: — It is white € 
used in purification of water. 


Medicos Hub | 
Å ^A. т шт 


MR 
oon Qe sini biben. When аша is heated а кыйа и ЭС ы Ш 
. Ole o Из water of e вс: Gin i 
called burnt alum or "phul — РЫК ization at 200°C to porous ma, 


4.4 ALLOTROPy 


à E dE 2 forms in known 25 ailctres, | 
The different forms are called as allotropic modifications or Él Морез. The 
allotropic forms of a particular element possesses similar chemical Properts \ 
but different physical properties. The difference in physical properties is due w 
arrangernent of atoms in the lattice, 

Allotropic Modifications of Carbon: There are two allotropic forms g 


carbon: 


(a) Crystalline and (b) Amorphous 
(a) Crystalline forms:— There are two crystalline forms namely: | 
(i) Diamond and (ii) Graphite. 
(b) 
carbon namely coal, coke, 
(i) Diamond: 
і 


Properties of Dianiond In pure state, it is crystalline solid. It is hardes 
— Natural substance known, Its density is about 3.51 g/ v". Diamond possesses 
high refractive index i.e? which, it acquires gre: i i 


:— There are various amo 


rphous allotropic forms of 
charcaal, lamp black etc. 


і lisa bad 
—tonduciar of electricity and melts at 3$ i i 
X — Rays, henc between i 


green, yellow, red or Bl; 

for drilling and borin; 
The well known di; 

Hope, Star of South 

tructt of D ly lin ed 

with four.c 1 carb dral uni! 

is shown in figure 4 
56 


- stones. 
Victoria, 
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These basic tetrahe 


dral units un; s 
di á Unite wit 
unit cell of diamond as shown in figure 4 T» One another and produce the cubic 
The lattice pictured in figure 4.3 


conti ; ‚ 
and form over all structure of diamond 'nues indefinitely in three dimensions 


Fig. 4.2 


Basic tetrahedral unit 


Fig. 4.3 


Cubic unit cell of diamond 
In diamond each carbon atom utilizes its four unpaired electrons in the 
formation of four covalent bo ; 


ot à nds. These bonding electrons pai 
tween specific pair of carbon em : Jh 
conductor of electric current. 


In diamond each carbon atom is bonded strongly to four other carbon atoms 
which are located at the corner of regular tetrahedron. Each carbon at the corner 
of one tetrahedron is at the centre of another tetrahedron. It means all carb- 

on—carbon bonds in entire crystal are covalent, strong and definite: The 

carbon —carbon bond length is 1.54ºA and bond energy for each carbon — carb- 
. enbondis 347 KJ mol . This is because diamond is hard and possesses high 
smelting pan —— - LH OS 
(ii) Graphite: 

Properties: — It is dark grey í 
lustre. It is soft and greasy to feel, 
g/cm" and lighter than diamond. 
usedtn the preparation of electra 
in max: g pencils. It po: esh 
1 
Structure:- In graphite eact 
covalently linked with three ot 


Medicos Hub Г m 
y The hexa І : so * 
3.35% Laway Pp rings then form different layers in graphite. These | 


om one another and hel 
о attraction. The inter | 


d together by weak Vander Ware EN 
Kcal mol. The 


ayer binding energy is very low and it is abou; ў 
arrangement of different layers in graphite is shown in йл, 


<n 


Fig. 4.4 


3.35A 


Basic hexagonal ríng in graphite 


Flg. 4.5 
Structure of graphite 


* 


In hexagonal rings C—C bond distance is 1.42°A.The fourth 


12 A7 electron of each 
carbon forms the delocalized x — bonds which spre 
atoms. Due to delocalized л — bonds, graphite co 


the-plane of its layers. 


Due to large inter planner distance (3.35°A), the | 
as lubricant. 


ad uniformly over all Carbon 
nducts electricity parallel tg 


ayers Slide easily over one 
another that is why it is soft and used 


4.5 LEAD PIGMENTS 


Lead forms various types 
colour to paints etc. 20 
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ш | т P 
г. ОМИ 
we ОНДОО н proxi 
ЕЯ - 3274 


product is then scratched, dried асе of lead sheets. This | 
2Pb + 2CH,COOH + 2H,0-=—_, [Pb(OH), -Pb(CH,COO), 1 | 
` | 
en, 
3[Pb(OH),.Pb(CH,COO), ]+2H,0 +2CO, — 2[2PbCO, -Pb(OH), | | ; 
White lead 
+ 6CH,COOH 


A better "White Lead" is obtained by passing CO, into the suspension of 
lead oxide in water containing little amount of lead acetate. 


2PbO, --2CO, +2Н,О +Pb(CH,COO), (2PbCO, .Po(OH),] 


+2CH,COOH +0, 


It is used as white pigment for paints, but it gradually darkens due to the 
formation of PbS with atmospheric H,S. It. is also poisonot s hence in recent / 
“years, white — lead has been replaced by litânium — dioxide. р 


¡um —010X10€. г» 1 
"€ 5 pM y 

E A y. ^ \ 0 
(ii) Red lead pigment (Sandhur); 


-—— 


lead — sesqui oxide and its compositi ais Pb. Oor 


Preparation;— It is prepared E 


revolving furnace with excess of ait 


6PbO + О — HE 


ие 
Aw 


= А [ y 
— 
e faba . 
AA " ^ ye 
a ` 


tually the colour of this pigment varie me 
apa Particle size and impurities. It is insoluble 
105. 


Tome yellow Digment:— It 
(PbCro, ). It oceurs in nature as crocoite 

Preparation—. (1) h-i prepated by adding the solution of 
chromate to the solu 


tion of lead nitrate, then fine yellow precipita 
chromate (chrome yellow) are obtained. 


4: 
is lead chromate with composition 


potassium 
tes of lead 


<< =D 


Pb(NO,), + K,CrO, 


PbCrO, + 2KNO, 
М, 
Chrome yellow 


(2) Itis also prepared by the aciion of K.CrO, on lead acetate. 


Pb(CH, COO), + K_CrO, 


——* PbCrO, + 20M.COOK 


It.is yellow coloured pigment, insoluble in water but soluble in nitric acid 
and Caustic alkalis, 


(iv) Chrome red pigment: — It is basic lead chromate and its composition is 
PbCrO, .PbO or PRECO 


E 
Preparation:— It is prepared by digesting lead chromate with NaOH. 
2PbCrO, + 2NaOH 


Na CrO, + Pb.CrO, + H,O 
Chrome red 


It is dark-red pigment and is used in paints. à; 


(v) Turner's vel ууу 


Р гера "d tion; n f И 
litharge (PbO) and th 


SPbO + H,O + 


It is also used as 
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= . * PK + I" К a ii же" 


Except above pigments, yellow lead i г 
monoxide (Litharge or Murda — Sang) also used in p nate) and red lead 


4.6 NITRIC ACID (HNO;) 


Nitric acid is prepared-commercially by the oxidation of 
nla by Ostwald's method. In this method ammonia Меша ta he 
in the presence of platinum as catalyst at 600°C. NO then combines 
with oxygen of alr forming NO, which is dissolved in water Lo pro rise 


HNO3. 


4NO+6H,O AH --24.8 kcal 


600°C 
2NO + O, == 200, 


JNO;*HjO ————> 2HNO,+NO 


ails of the process:- (i) Oxidation of ammonia: 1 part by volume 
of NH3 is mixed with 8 parts by volumc of air. The mixture is allowed 
to enter the converter which contains platinum gauge heated to a 
temperature of 600°C in the beginning, the temperature is then 
maintained due to exothermic reaction of oxidation of NH,. 


About 95% of NH3 is oxidised to NO. The gases from the 
converter are led by iron pipe which passes through a boiler. Steam 
is produced by the absorption of heat from the gases and the 


lemperature is lowered to 150*C. 


(11) Oxidation of NO to NQ;:- NO and air enter the isa V. ыо 


\ where the temperature is further lowered to 50°C and NC ` | 
to NO2. nd LA М. E 


n of HNO,;- NO: 
ter thc absorption: 
Thegasis absorbed by the ale | 
nitric acid formed 1s very dil 
absorb more and more NO2 дг 
he nitric acid obtained by thi 
Is achieved by passing vapor 


T 1 
allowed to en 
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9 vol AIR WATER Last races 
Рту. 
A nitrogen 
ар - are absort, 
= = RAR in Na, CO 
2 AAA À E 
C " TAA 222 Solution 
B- , AR RSA ^ main 
- in changes io 
550C - |... NaNO, ang 
190°C Es) s sold to 
D! -£ 4 P. - dye-stut 
References :- нн; industry 


A. — Slight window to check temperature. 
B. Ammonia Oxidalion Converter. 

C. ~ Electrically heated platinum guaze to start 
D. Boiler 
E. Oxidation Chamber 
F. Absorption towers Fig. 4.6 
G. Pumps 


Physical Properties of HNO, 


In pure state, it is colourless fuming liquid with choking smell and has a soy, 
taste. It boils at 83°C and freezes at —41.6°C. It is available in Market in 
following forms: | 


Preparation of Nitric acid 


(a) Ordinary nitric acid containing 6595 HNO, and density is aboy 
1.4 g/l. = 


(b) | Concentrated nitric acid containing 98% HNO, and density is 
1.51 g/l. E | 


fc). Fuming nitric acid containing dissolved oxides of nitrogen (NO, ) and 
reddish — yellow liquid. : 


Structüre of HNO,:— 
— HH pa 


arranged as given Їй 1 which 


Medicos Hub  — 


> alin Soli 
se A Опа state atab 
9ut — 42% is given in 
H 
e) 112.594 9 
О д тыш 2494 
N 1359 
1:30 9A NS 
112.594 NT Qni" LU 
o 
Flg.4.8 Struc 
ture of Nitric acid in solid state 
i= The chemi i 
No mical properties or HNO, are divided into 


(i) Acidic properties 
(ii) Oxidizing properties 
(iii) Nitrating properties 


(i) 4 idi SroDE 2. a It is strong acid b | 
to form Bidroniul i ion H,O” (ie it provid Зм reacts sasily with walt 
Because irioses only one H ion. At the same time it neutral; d. 
it acts as an acid. alizes bases, hence 

(a) HNO, + H,O 
(b) HNO, + NaOH 


H,O* + NO, 
NaNO, + H,O 


(ii) Oxidizing properties: = ш acid is strc 
ing properties of nitric acid are due 
of nitrogen in its highest oxidat 
changes from + 5 oxidation statet 
the concentration of acid and ni 
acid and higher the reactivity of 
oxidation. For example: 


(a) Concentrated HNO, is 


Cu + 4HNO, = 
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(b) Dilute HNO, is reduced jo NO, y 
3Cu + 8HNO, — 9 scu(no,), + 2NO + 4H,0. | 
(c) Dilute HNO, with more active metal reduced to N,O 

IME + 10Hye7 — a 4Mg(NO,), + МО + 5H,O 

(d) Very dilute acid with more active metal reduced to NH ¿NO,. 

4Zn + 10HNO, 4Zn(NO,), + NH,NO, + 3H.0, 


Nitric acid also oxidizes non — metals and it is reduced to NO,- 


5 + 6HNO, H,50, + 6NO, + 2H30 
P + SHNO, H,PO, + 5NO, + H,O 
Si + 4HNO, 510, + 4NO, + 2H,0 
i ratin 1 А = HNO; replaecs one or More | 
hydrogen atoms of organic compounds with nitro group and acts as \ 


a nitrating agent .e.B. 

(a) When vapours of HNOzand alkane are passcd through copper tube | 

at.450ºC, nitro alkane is formed. | 
CH, + HONO; —— > CH,NO, 4 H,O 


| 


(b) It reacts with benzene in the presence of H,SO, (Conc.) and forms 
nitro benzene. 


2 


+HONO, 


N 
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CY NEA ы 
ine is an explosive Which det 
E A У Onates viol 4 | 
pros Ee Gas ít ix Orbing nitro elyoerine in Kinet slight shock 
also an exp ot nites chat Much safer to handle x * amite is 
manufacture Озе lacquers an d smokeless ж also "ri in the 
i= A mixture FE — powder. 
by volume of HC] (Cono) jo ПЁ 1 part by voltime of HNO, (Co 
dissolve gold and other ble ed aqua regia which means y a ae 
It can «i Ў Я поЫе als due to liberation of — 
NO, + 3HC | | ( 
HNO; вне t CID + NOC] + 2c1 | 
Nitrosyl- 
A SC] ——_— AuCl, — | 
+ = 
AuCl, + HCl ж: H| AuCl, | 


Hydroauric chloride | 
4.7, ALLOTROPIC FORMS OF SULPHUR 
There are various allotropic forms of sul 
and gaseous states. Here we discuss 
(i), Crystalline sulphur 
~ fii) Plastic sulphur 


phur which exist in solid, liquid 
some of them in detail: 


(i) Crystalline sulphur:- Important crystalline forms of sulphur are fol. 
lowing: 
(a) Rhombic, Octahedral or a - sulphur 
(b) Monoclinic, prismatic or В — sulphur 
(a) Rhombic sulphur:- It is stable crystalline form at o dinar; 
“rature. Tt is prepared by slow evapor ation of solution of ordinary s 
carbon disulphide. 


Properties:~ It is ordinary ong 
conditions and most: 
112.8°C. Its density i 
Phide (CS,), petrole 
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Puckered ring of Ss molecule 


Side view of Top view of 
Se molecule Sa molecule 


Fig.4.9 The different views of rings in Rhombic sulphur 


Ineach puckered ring, four sulphur atoms lie in one plane and other four 
atomie in another plane as described in above figures. Each sulphur is linked 
to amather sulphur by a single bond in same ring. The sulphur— sulphur bond 
distance is 2.12% and S - S— S bond angle is 105?. These puckered rings unite 
with ont another and form the crystal of rhombic sulphur. These rings are held 


together by Vander Waal's forces of attraction. The shape of rhombic crystal is 


given below in figure 4.10 


Y, 


Fig. 4.10 Crystal of rhombic sulphur 


- 


J 

bj] Monoclinic sulphur:- 

on standing the crystals beet 

It melts at 119.25 C It is 8 

water. It is stable betweer 
monoclinic sulphur to rhomt 
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ulphur is stable and above 95.5*C m 
ure at which both forms of sulphur 


onoclinic sulphur is stable. This tempera- 
emperature i.e is about 95.5% 


are in equilibrium is called as transition 


Fig. 4.11 
Crystal of monoclinic sulphur 


(ii) Plastic Sulphur or Y —sulphur:— When molten sulphur is hea 
to boiling and then poured witha thin Stream into cold water, it turns into e 
rubber like material which is called plastiesulphur, < 


à Properties:— It is soft, sticky rubber like material. A 


k is soluble in CS} It on standing, is converted. мо ор 
containing some rhombic sulphur. — 


ALL UIL 


VLG 


[ 47] 


i. 


Flg. 4.12 Ch 
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4.8 HYDROGEN SULPHIDE 


(A) Preparation of Hydrogen sulphide (H,S) 
i) From Sulphur; — When sulphur is heated with hydrogen up to 600% 
650°C, it forms H,S. ` 


H, +5 H,5 
Mine OE AN A 
(ii) Erom stibnite:— Pure hydrogen sulphide is prepared by heating a, 


timony trisulphide (Stibnite) with concentrated НСІ. 


MP, + AH ——_ 


MARCI, Pt 
(iii) From ZnS:— When ZnS is treated with НСІ, it forms H,S 
ZnS + 2HCl ——— ——* ZnCl, + H,S 
Mesa 2. 
(iv) Laboratory method:— In laboratory H,S is prepared in Kipp's 
apparatus by the action of HCl or H,SO, on ferrous sulphide (FeS) | 


FeS + H,SO, ——» FeSO, + H,S 
FeS + 2НСІ —————» FeCl, 4 H,S 


Properties:— [tis a colourl 
rouen eggs. It is little heavier t 
at — 60.8°C and solidifies 
Anhalation of air containing 
poisoning. Ihe best antidot 
It is soluble i water and so] 
Water". Its solutio ‘in water 


H,S + H,O 
HS + H,O 
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burns with blue flame in air 19 form SO, and Н.О 
* 


H,S + 30, ra 
cgi, тн ent. | 
E ers sul B ag sg s із because the S” ion loses its electro 


ces Oth r sub tances. 
LS” +Br, TNR 


2 FeCl, + HS* — 2 Feci +S" «2HcI- 
2HNO, +H ,S* > 2N0, *S'-2H.0 
H,50, +H,S'>H,So, +S'+2H0 


Structure: The molecule of H 25 iS non-li 
чөсү distat Ae 8 = rr . The angle between HSH 


D 
-Fig. 4.13 Structure of hydrogen sulphide 


b 


"n 


9 SULPHURIC ACID (H,S0) 9) 


m L 
i The present day method which pi 


method. It pe nor to be used 


5+0, 


* 
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sd 


i y is very important in contact method that SO, and air mixture Shout, 
се from impurities, which poison the catalyst. For this reason the mix "b. 
2 and air is passed through special filters, washing and drying towers y Ul 


0 
tower. In this tower SO, is oxidized to SO, in presence of catalyst vanag | 
pentaoxide (ү, О, ). 


» = N | 
) 250, +0, MA do 250 4H ч Keal | 


2 volumes | volume 2 volumes 


— há ч 
d um 


Since the reaction is reversible and exothermic, the favourable сопан | 
for obtaining maximum yield of SO, are (a) low temperature high Pressun 
and (c) excess of O,. In actual practical, however a ы aci a > d 50 50 

“appears tô be optimum temperature in the presence of catalyst an Pressure g 
1.5 to 1.7 atmosphere is applied. This temperature is low enough to permit Moy 
of the sulphur and Oxygen to react rapidly if catalyst is present. Under these 
conditions, the equilibrium mixture contains 98% of SO,. 


The SO, produced in contacttower is absorbed first by H,SO, concentrate 
10 form oleum. | 


SO, + H,SO, 


H,S,O, (Oleum) 


Oleum is then absorbed in calculated amount of water in order to get the 
acid of desired concentration. 


Н,5,0, + H,O ————= 2H,50, 


The continuous nature of this is sh i ically i 
V | process own diagrammatically in 


It should be mentioned that the t 
250, + О, 


is used in the process to 

all the activities of the pl: 

tower to other and fans t 

Practically all the opera ic 
that turns out 100 tons of 
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" 3 LI 
| etd 
ei Properties of H,SO 4: Sulphuric acid is colourless, oq 
опу liquid, Often kn 


ish i Ser RN 
YBrOSCOpic and ms of sul ha 
are (a) Dil containing 65% H,SO, and Pur, 


. 3 8 
| ic. acid having qa ing a 
(c) 100% sulphuric acid havin density y D 
cm? and (d uming sulphuric acid contaning dissolved 20% SO, 5 5 
density 1.929 g/cm?. 


Structure of H 


¿50,:— 100% sulphuric acid which is covalent com 
like Sulphate onthe molecule of H,SO, has a tetrahedral structur 
figure 4.15. 


чц 


€ as Riven), 


S \ 
Fig. 4.15 ZA | 
Structure of sulphuric acid A Son 


The high boiling point and viscosity of H,SO, are due to the Presence of 
hydrogen bonding, which link the 
f 


| 
molecules in larger aggregates: as given in / 
igure 4.16. 


-—--H— 0 


SIA | 
S 
-=--> 07 N 
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о A M réacts with w te 
Н * ion after the loss of first H + ud : tiprotic acid because in ‘eos eg 
ionic species and acts as diprotic acid to loss of two H* 


(PRSE, H,O == HO 4 HSO 
4 


SA "кел, so? 


It also neutralizes bases and forms two Series of salts 


(ii) HSO, + H,O 


()NaOH + H,SQ,— L A N, 


HSO, + HO 
(ii) NaHSO, + NaOH, y, 


250, + HO 


(b) Oxidizing properties: — Sulphuric acid acts as oxidizing agent. The 
. soxidizing properties of H, SO, depend upon: (a) concentration of acid (b) nature 
of metal and (c) temperature, 


Dilute sulphuric acid reacts with metals standin 


g high in the electrochemical 
series, yielding Н, and metal sulphates. 


dil: 


Zn + H,SO, > ZnSQ, + H, 

Metals low in the electrochemical series, such as Cu, Pb and Hg are not 
oxidized by dilute H,SO, but concentrated and hot H SO, oxidizes these metals 
to form SO, and metal sulphates. 


conc: 
Cu + 2H,SO, ЧСК E CuSO, + SO, y Ey 


A А ў » = 
> 4 | 


e 


It also didis mé: 


C + 2H,SO, 
5 + 2H,SO, - 
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(c) i ies:— Sulphuric acid has great affini è 
hence it extracts the elements of water from other compcunds, This ot 4 
réaction is called as dehydration reaction. It extracts water Molecule, А Mi 

q 


different compounds and forms different products. Ton 
C, HO, + HS pri A п 11H,O + H,SO, 
sugar 
ALO. + Hp SOM со- CO, + H,O + H,sQ 
Oxalic acid i 
MGQOKG НО — EME c6 Н.О + H,SO, 
Formic acid 


{d) Sulphonating properties :- Sulphuric acid on reaction wil 
organic compounds replaces one or more hydrogen atoms and Acts a 


a sulphonating agent e.g. 
(It reacts with hexane and higher members forming alkane Sulphonj. 


acid. 
Eca +HO.SONOH=— 4 _, CgH 3. SO;.OH + H,0 
Hexane sulphonic-acid 


(ii) Itreacts with benzene and forms benzene sulphonic acid. 


Benzene sulphonte - 
acid 
Importance of sulphuric acid: — Sulphuric acid is so important chemical 
it i € of Compounds", because. ly few industries 
i It its use. Pro; ress anc DrOSperit nation can be 


3 A am. dani Maat 


measured in terms of- n 
annually. 


It is used in the m al 
Ammonium nitrate", 


production of HCI an in the 
preparation of deterge 
(C, H,, SO, Na ), wh is also 


used as dehydrating, r 
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10 CHLORINE 


lytic m — Chlorine 
ueous solutions of sodium ch 


is m 
ort 
described below: 


› anufactured by the electrolysis of 
loride. For his purpose two cells are used which 


Nsists of U —shaped erforated 
ich acts as cathode and carbon rod as anode. This U > tube is sega 
ode by asbestos layer deposited on the inner wall of 


the U — tube as shown in 
re 4.17 


The О —tube is filled by aqueous solution 


la $: ) of sodium chloride. On passing 
e electric current, chlorine is obtained atan 


ode reaction: 
(i) onizati@ay NaCl — — — ——. Na* 


E Ele 
(ii) Reaction at anode 2C17 — 2 Cl, 
Ci, gas hs Anode 


Cathode 


Asbestos 
lining 


Perforated 
steel cathode 


a 


=== NE. Aqueous 
Fu YE 4 N 1s ] ion. 


Fig. 4.17 
Manuiacture of chlorine 


E at the bottom of cell v і 
of sodium chloride also flows s 
mercury. The anode rods are 1 
chloride as given in figure 4.18. 


Бы = 
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s On electrolysis chlorine is liberated at anode and passes out of the 
th Ough a tube at the top. Sodium is liberated at cathode where it dissoj, "ell 
* mercury and is removed from the cell. MAE 
Graphite rod 
(anode) Hi 


x ica | 2 д) Water 


LES e, out m 


o 


Spent Naci 
Out let 


In 


¿Naci (хоу 
1, let 


MT 
| 


| 
| 
11 


| 
li 


// ЖУ = 


Castner - Kellners cell 


Fig. 4.18 Manufacture of chlorine 


Physical properties:— It is greenish yellow gas with a pungent and charac. 
teristic choking smell. It is a typical non— metal and is fairly soluble in water. lt 
boils at —34°C and melts at — 101°C. It is poisonous gas which has irritating 
effect on nose, throat and lungs. Tt has corrosive action on the. mucous- 
membrance. Its density is 3.214 gm/ at S.T.P and its electronegativity is 30. | 


Oxidation states are different such as —1, +1, +3, +5 and +7. 
ry reactive element and it readily 


Chemical properties;— Chlorine is ve 
pt N., O, and carbon. The reactions 


| 


combines with non — metals and metals exce 
of chlorine are divided into following types: 


. * 


(i) Oxid: on Ке: 2 
i one electron an 1С 


Gi) ^ À Medicos Hub 


directly com 


lorine 
h reactions are cal 


(iii) Substituti i 


As; — Chlori 
other compounds such reactio ne re 


places one 
nsare called е Or more atoms from 


Substitution reactions. 


p e Те 
CH,CI Ф Cl, — CH,CI, + НСІ 

(iv) Auto — Oxidati n and R ion Reactions:— Chlorine reacts with 
water to form hydrochloric acid and hypochlorous acid. In this reaction, chlorine 


oxidizes as well red uces hence it is known as self oxidation — reduction reaction 
or auto — oxidation — reduction reaction. 


cl + H,O — — de. dod 
Hypochlorous acid 
Solution of chlorine in water is strong oxidizing agent and in this solution 
HOCI usually acts as oxidizing agent. This is because in HOCI, chlorine has an 
oxidation number + 1 and has a strong attraction for electrons. The bleaching 
action of chlorine 1s also due to same reason, i.e first of all chlorine forms 
hypochlorous acid (HOCI) with water which then oxidizes coloured compo nds 
to colourless compounds. Pz / Prem 
Importance: — The production and consumption of chlorine on largescle, 
make it one of the most important proi : 
economy. Itis used in the manufacture of 
CHCI, which are organic solvents 
- chloride which is used in the prep 
tions, such as DDT and һеха 
and various synthetic products! 


Chlorine is also used as ble 
Itis used in sterilizing of dri ki 
in layer test for detection of B 


А 
el 


dt ASSIGNMENT Шы 
|. How many blocks of elements are there? Define p — block Clement, 


2. Explain why physical properties change down the group and What are 
Rr 


trends? 
3. How many metals, nonmetais, gases, liquids and solids are there į 
block"? Name 31416951 two gases of this block? ns 
group trends ot following properties in “p— block" 


) Eleetronegativity (iv) Toning: 
ч 


^ 


4. Describé the 
(1) Atomic radii (ji) Iosdic radii (їн 
potential (v) Electro positivity. 

- Whai is allotropy? Describe the diffcrent allotropic forms of Carbon , 
nN 


) 
Sulphur. 
6: Describe the structure of diamond and graphite? 


?- What is rhombic sulphur? Show its structure with different views. 


8. What is/plastic sulphur? Why is it elastic? 


9. Describe the chemistry of Aluminium 


10. In what forms, the cory ndum occurs in Pakistan? Also mention the differen 


localities of its occurrence. 
lt How is bauxite purified ? Give at | 
tien of bauxite. 
12. Write short notes on: 

(1-H,S, (ii) Boric acid (iii) Borax (iv) Alum 


east three methods for the Purifica. 


15. Deséribc the commercial preparation of chlorine. 
14, Expiesa the working < 


(i) Acid ( 
19. Prove that H] 
78° 


T WR CU Д "awe = 
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20. Write down the of HNO, 
21. What are lead pigments? Deser 


H SO in n different states 
22. Expiain the following: 


(i) Ionization potential decreases fro 
(ii) Electrop: 


itivit increases [т 


(iii) Diamond is hardest Substance Ottom i in a group. 


(iv) Graphite is à goog сойййсөг с Of electricity | 
(у) Atomic size of § is bigger than O 1 ; | 
(vi ili oint and viscosity of H SO, are hieh 


23, What happens when: 
(1) Carbon monoxide is treated with chiorine. 
(ii) Nitric acid is treated with sodium hydroxide, 
(111) Carbon is treated with conc: H 250,- 
(iv) Litharge is heated with excess of air. 


(v) Hydrogen sulphide is treated with bromine. 
(vi) Aluminium is reacted with sodium hydroxide. 


qr 


24. Complete the following equations: 


dil 
(1) Ad + H,SO, i AI. (SO, ), jV Am 


conc 


\ @i) Al + H,SO, 


(ii) H;BO, + NaOH 
(iv) 50, ^ 52 | 
(v) QN. HNO, É 
С (vi)Cu + AS | 
(vii) Zn + H,SO,- 


(viii) Zn + H,SO, — 
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CHAPTER 5 


d— BLOCK ELEMENT 
(TRANSITION ELEMENTS) 


5.1 INTRODUCTION 


i i —orbitals either in th 
which have partially. filled d—orbita : 
фы cd free atom or in one or more of their x dibus a 7 АЗ 
ыа. They are also called transition elements wie he vhi 
properties which are transitional between highly reactive a ue puras 
positive elements of's—block elements which form ionic p 
p —block elements which form largely covalent compounds, 


The transition elements do not only include d — block elements but ай the 
f — block, in which f — orbitals are partially filled. The d — block elements consist 
of the following three series of ten elements each: 


(1) From scandium, Sc (2=21) to zinc, Zn (z= 30); 


(ii) From yttrium, Y (z= 39) to cadmium, Cd (2.= 48); and 


(ui) From lanthanum, La (2= 
lanthanides (rare — earth elements), 


The f —block elements constitute tw 


(1) From cerium, Ce (Z = 58) to Lutetiutn. Lu (2 =71 which are called 
lanthanides; and / J Y Loud it 


P 


O Series which are: 
q 


(ii) From Actini 


Medicos Hub 


omium Ore, the chromite has been found in 


an. Lar, 2º “OPper Ores are found in Zhob Pishin, Loralai, 
41 districts, in North Waziristan agency, Gilgit, Dir and Chitral. 


GENERAL CHARACTERISTICS 


ion:— The electronic configuration of the first 
block elements consisting of ten elements is Shown below: 


Scandium, Sc, z=2] = 15° 25? 2р°, 3s?, 3p$, за! 452 
Titanium, Ti, z =22 = 15 2, 2р?, dir 3p°, 3d? 452 
Vanadium, V, z=23= 152, 25°, 2р, 352, 3р, заз, 452 
Chromium, Cr, 2 = 24 = 1s? 252 256 352 3p® 347, 451 
Manganese,Mn, z >25 = 15°, 252, 2р, 35°, зр, за?, 452 
гоп, Fe, z-262 152 252 258 352 3p% заб, 45? 
Cobalt, Co,z=27= 1s?, 25°, 2р, 35? 3p°, 347, 4s? 
Nickel, Ni, 2228 «15? 252 296 35°, 3p$, 348 452 
Copper, Cu, z 229 = 152 252.28 


Zinc, Zn, ze 30 = 152, 252 2 


, From the electronic confi 
On) 


TO 


and chemical properties in common. Thus all the transition elem, 
| metals. They are brittle and good conductor of heat and electis; 
y. 


physical 
arc shown in table 5.1 


are typica 
Some of the physical properties 


Medicos Hub Table 5.1 
Physical properties of the first series of transition elements 


Atomic size “A 


(covalent radii ) 
aA mm D mE 
sa ais io pe Datos 


SO Size Atomic or Covalent Radii): — The atomic or covalent radii of the 
number le: Bek to a small extent (rom Sc to Zn as theif atomic 
rCascs. it 15 because there is ac ; , s 
charge wi \ continuous increase of th | 
etn of elegans eve As Тс result Of this gives prs 
wards the nucle ey г | 
These elements a cus and a contraction | 
re In size occurs. 
smaller than s —block clements. 


(011) Tonization Potential: — The ionization 


— 
ч 
zi 
ma 
- 


Electronegativity 


Generally, thcir com m 
y, Y pounds are in 
covalent in higher oxidation.states~ 
(iv) i ; 
the clements ate very hi | 
Bh, except 
filled, These higher values arc dd ti 
give strong inter atomic attraction.” 
arc hard and have high melting апа! 
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Variable Oxidation States:— The transition elemen 
(v) 


sta nts show Variable 
s in their compounds, This variation is due to егу small 
ation state ce in between 3d and 45 orbitals. As a result, electro 3 

i PO SA part in the bond formation, The Oxidation 

| as i shown in the Table 3:2. Th 

ments 


поп, ates of the 
© OXidation states Of the el 
d to their electronic configuration. 
t 
ate 


The higher Oxidation of 4 7 
it is usinv d five d electrons for bon 
O, where it is Using two s, an 

Mn in KMnO, 


Table 5.2 Oxidation States 

o (ef To Ti cono 
c 
e ela 


bp 
Oxidation 3 
States 


MI Ries 


(vi) Colour:- The transition metal complex "S 
inc which are white). Crystal Ficld Theory explait 
Mex ions. According to Crystal SE Ma i ME ap o ces an 

pai К Ле lig d.d-orbi 

à metal ion is electrostatic san : aique 
"ectrostatic field around its d-orbitals. This field splits fivc deg 
MO two sets With different energies: 


(1) a higher energy pair, d. 


+ 
з 


are coloured (except those-of 
15 fully the colour of the com- 
ry (CET) the bonding between ligands 


ә 
(ii) a lower energy trio, did 


degenerated five 
d-orbitals 


Splitting of five degenerate 
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In many cases, the energy differenc m | 
vave length in the visible region. Thus by 


y be able to move from lower enerpy s 


e Ao between two sets (c, and , 


absorbi 


{ 
el (t) to 
n doing so, some of the component way, lenpy 

| 


d-orbitals is equivalent to à V 
visible light, an electron ma 


higher energy set e; of d-orbitals. 1 ing | 
of white light is removed, so the remaining mp чанада: ength of the i 

flected or transmitted shows the colour to the viewen, or example Copper, cà 
m absorb red light, hence the transmitted Jight gives blue colour. 


(vii) Magnetic properties: — Many compounds a на Clemens 
are paramagnetic, L€., they are attracted into à magnetic field, “AramMagne ism 
is generally caused by the presence of unpaired electron spins in the ions ang 
atoms of the elements. 


Elements such as Fe, Co and Ni are ferromagnetic i.e, they can be mag 
netized. 


(viii) Catalytic Properties:— Transition elements and some of their com. 
pounds are commonly used as catalysts in the chemical industry. Catalysts are 
the substances which accelerate or retard the rate of a chemical reaction, The 
transition elements as catalysts, in some cases, may form unstable intermediate 
compounds, and in other cases they provide a suitable surface areas where pases 
are absorbed, For example, Ni is used for the hydrogenation of vegetable oils; 
Fe in the manufacture of ammonia (МН), V, O, to convert SO, into SO,. 


(ix) Interstitial (Non — stoichiometric) Compounds:— The transition ele | 
ments form compounds of indefinite structure and proportion which arc called | 
interstitial or non—stoichiometric compounds, This non —stoichiometry is 
shown due to the variable oxidation state of the d — block elements, and also 10 
the defects in their solid structures. Small atoms such as H,B,C and N can reside 
DRIN бым holes present in the crystal lattice of these elements and bear no 
Stoichiometric composition. For example ЗИН. к: Alloys (Substances contain: 
ing two or morc metals) are also considered у A O A 
Examples are brass (Cu= Zn), bronze (O as the ip itial comp 


ions, and vacant d—orbitals of 
lone electron pairs from atom: 
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ide which is a complex ion containing six cyanide (CND) ions д 


one electron pair to the central ferrous (Fe?* ) ion. Onating 
Le к 
A Pa mes CI or E єз, | q 
CN EN 
ition Metal i= A compound containing the complex 


om is always a 
ition element. The number of ligands bonded to the central atom or ion is 
Мей its co —ordination number. For example diammine cuprous (Cu(NH;))* 
n, in which central atom is cuprous (Cu”) ion and the ligand is ammonia (NH,). 
e two NH; molecules are co —ordinating with cuprous (Cu*) ion, hence the 
—ordination number of the ion is 2. | 


Co—ordinating groups or ligands generally called Lewis bases, are sub- 
ivided into two main groups — mono~or unidentate containing only one 
—ordinating atom e.g., H,O, NH,, CN ^, NO, and halides. The second group 
known as poly — or multidentate containing two or more electron pair donor 
atoms in а molecule or an ion. Examples: 


(а) „соо (b) H,N -CH,- CH, - NH, 
| —— 
Coo” Ethylene diamine 
Oxalate ion 


are bidentate and the tridentat 


H,N=CH,~CH,-NA-CE 


Diethylene triamine and 
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d chelating agents. The 

olv or multidentates are also calle chela 
a p x —ordination with a central atom forms a ring Structure ting 
ане, a Сгеек word meaning Crab's claw. Example is nickel dime, 


glyoximate 


он 0. 


em. 
/ C 
h 
H,C—Cc =n“ “н” Су CH, 
| 


3 


| 
o OH 
NOMENCLATURE OF COORDINATION COMPOUNDS 
(IUPAC Names of Transition Metal Complexes) 


International Union of Pure and Applied Chemistry (IUPAC) recommends | 
following rules in naming the coordination compounds: | 
| 
| 


1. Asin simple ionic compounds, the cation is named first and then the anion, 


2. In naming a complex ion, the names of negative ligands are written first, 
neutral ligands next and finally metal atom. The prefixes di-, tri-, tetra-, penta-, elc 
(or sometimes bis-, tris-, tetrakis-, pentakis-, etc for organic ligands) are used with 
the name of the ligand when more then one ligand of the same kind ogeurs within 
the complex ion. 


3. The names of the anionic ligands arc modified to end in -O. For example 
fluoro (F), chloro (CI ), bromo (Br ), iodo (17), cyano (CNT ), nitro (NQ ), nitro: 
to (NO, ), hydroxo (OH), amido (NH, ), oxalato (C O1), carbonato (C05). 


The names of neutral ligands usually remain unch 


anged. Two exceptions 2 
water and ammonia ged. ; “é P 


HC 


4. The charge of 
(LILIILIV etc) followin 
cation or a neutral molec 
lowed by the oxidation 
sis e.g., nickel (0), iron 
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ffix-ato is added, often to the stem of the Latin Dame 


for the metal 
À form datic a T We me 
, stannate etc The formal oxidation state is again shown i mà Cuperate. 
i o 


jn parentheses. Tan numer. 
amples in which the complex is a cation: 
[Co(NH,),] Cl, Hexa aminc cobalt (IIT) chic ride 
(Cr(NH CL) Cl, Dichlorowtra amine chromium ( UD chloride, 
Жай Trac (mhula. ww mM 1 diss. es 
[Со(ей),) (NO), itis ethylene diamine) Cobalt (1Д) nitrate 


amples in which the complex is neutral 


(Pt (NH), CL) Diamine tetra chloro platinum (IV) 
(Co NH), (NO), Triamine winitro cobalt (Ill) 


Examples in which the complex is an anion 


К, [Fe(CN),)] Potassium hexacyano ferrate (III) 
K,[Fe(CN),] Potassium hexacyano ferrate (П) 
K,[Co(NO,),] Potassium hexanitro cobaltate (III) 

54 METALLURGY OF COPPER 


Copper occurs both in free as well as in combined states. In combined state, 
it occurs mainly as the sulphide and oxide ores, The chief ores of copper arc 
copper pyrite or chaleopyrite (CuFeS,), chalocite (Cu,S) and maláchite 
[CuCO, .Cu(OH),] green and azurite (2CuCO, Cu(OH),] blue. 


Extraction 
Copper is mostly extracted from sulphide ores which contain about 6% C 


The sulphide ore is first roasted (i.e., heated strongly in a current of air) on she 
hearth of a large flat furnace whereby the fol 5 Occur 


(i) Large amount of sulphut 
(ii) Iron present oxidizes to 


(iii) Copper changes into € 
2СчЕе$, + 40, 


е roasted material is t 
dt US silicate (FeSiO,) a 5 
г. The liquid coppe 
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some unreacted ferrous sulphide (FeS) and silica is oxidized in a Bers. 
converter (Fig 5.1) by blowing air through. FeS is oxidized to Рес) and у 
Ferrous oxide reacts with sand v 
to give ferrous silicate and the 
blast ofair converts Cu,S partly 
into Cu,O which reacts with the 
remaining Cu,S to give metallic 
copper in its molten state: 


Air > 


Fig.5.1 Bessemer converter. 


2FeS + 30, 2FcO + 250, 
FeO + SiO, — FeSiO, 

2Cu,S + 30, -————— 2Си,О + 250, 
2Cu,O + Cu,S 6Cu + SO, 


The copper thus produced is called blister copper because, as it solidifies 
hidden sulphur dioxide gas and escapes producing blisters on its surface. It i 
about 99% pure. The blister copper contains impurities mainly iron but smal 
amount of arsenic, zinc, lead, silver and gold may also be present. As such, the 
copper is not suitable particularly for electrical work so it is thus refined. 


with sulphuric acid (H,SO, ). The current of 1.3 volts is used for electrolysis 
which helps to deposit copper on the cathode leaving impurities whi 
soluble and fall tothet 

reactions which oca 


Cu 
Blister cog 
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5 CHEMISTRY OF SILVER NITRATE (Agno, y 


silver nitrate.or Lunar caustic is prepared b 


HAE y dissolvin silve GM 
eric acid. On crystallization, the long crystals 8 r metal in dilute 
ni : 


Or sticks are formed 


3Ag + 4HNO, 


3AgNO, + NO + 2H,0 


silver nitrate is readily soluble in water, Itis also soluble in Organic solvents | 
uch as, ethyl alcohol, pyridine etc. It decomposes at 450°C giving out nitrogen | 
“ойе and oxygen leaving silver as metal. | 


450°C 


2AgNO, 2Ag + 2NO, + O, 


With sodium hydroxide (NaOH), silver nitrate first forms unstable silver | 
hydroxide (AgOH) which changes into a dark brown silver oxide (Ag,0). | 


| 

AgNO, + NaOH AgOH + NaNO, i | 
2AgOH Ag,O + H,O | 
With ammonia in water, silver nitrate first forms precipitates of silver oxide | 
which in excess dissolves forming silver —ammonia complex (Diammine silver | 
nitrate). | 
AgNO, + 2NH, [Ag(NH,), JNO, | 

` Diamine silver nitrate | | 
Silver nitrate produces black spots when it comes in contact with organic | 
substances such as skin and cellulose, | 
Silver nitrate is used in laboratory as a re e detection and || 


determination of halides. It produces white precipitates 
‘ons (CI Might yellow precipitates of AgBr 


Precipitates of AT with iodide ions (1) 
“tis also widely used in photography 


ig, ie Sulphate or copper sulphate 


Wesence of Pared by reacting metallic; 
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It is also prepared by dissclving copper oxide (CuO) or copper carbona, 
(CuCO,) in dilute sulphuric acid and crystallizing. 


+ H,O 
nfs O 


+H 
Cuco, + H,SO, CuSO, + CO, + H,O 


ine i i hich on heating loses an: 
Copper sulphate. crystalline is blue in colour w es all iy 
water GE ervstallizáción slowly changing into colourless form (anhydrous), 
9 - 
CuSO SH O _ BE CuSO, + 590 
Blue(hydrated) White(anhydrous) 


Copper sulphate is very soluble in water but insoluble in alcohol and is 
precipitated in small crystals from its aqueous solutions by the addition oferhy | 
alcohol. | 


It liberates iodine precipitating white cuprous iodide (Со 1.) on addition | 
to potassium iodide solution. 


eCuSO,\+ AKT Cul, + 2K,SO, +1, | 


With aqueous ammonia, copper sulphate forms a pale blue gelatinous 
precipitate of cupric hydroxide (Cu(OH ),), the latter dissolves very readilyin 
excess aqueous ammonia | 


NH OH). ; ^ ? 
Cu(NH,), (NH OH). forming the deep — blue complex 


5 | s 
CORO, OO 2н O —_ Small Сион), + (NH „50, 


CuSO, + амн, — txcê 


Copper sulphate is used in « 
pigments, as a mordant in dycir 
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5,7 POTASSIUM CHROMATE, (к ¿CrO,) 


- te can be prepa 
tassium chroma 
powdered chromite ore (FeO.Cr 4:94) a 


red by Strongly heatin 


Ё A mixture of 
nd potassium Carbonate in air, 


4FeO.Cr,O, *8K.CO, T 70, —— ?Fe,O. + 8K,Cro, + 8СО, 


It canalso be prepared by boiling chromium oxid 
d anm water when a yellow solutio 
whe crystallized out on evaporation, 
is 


€ With potassium hydroxide 


n of potassium chromate is formed. It 


Cr,O, + 10KOH + A _—_—_—— а ?K CrO, + 6KBr + 5H,0 
| i id su 
i hromate is a lemon —yellow crystalline soli 
рана and gives a yellow coloured solution. The yellow colour of the 
ae 5 chromate solution changes into red on addition of an acid such as 
р нс acid duc to the formation of dichromate ion (CHO) 
$ 


bstance. [i isvery 


2 = 
2Cr07* + 2H* ===> Сг,О?- + H,O 
Сноп с іоп Dichromate ion 


58 POTASSIUM DICHROMATE (К ,Сг,09 
Potassium dichromate is prepared from potassium chromate (K,CrO, ) by 
otass 


ic acid intoi olution. Ít is then 
adding a calculated amount of sulphuric acid into its saturated s | | 
i | 
crystallized out on evaporation. 


2K,CrO, TH 450, 1 
„it can also be prepared t 
chromate with the calcula 
chromate being less soluble, 
Crystals, | 


Na Cr o, * 2KCI 


La é i 
Potassium dichromate is moderately soluble in Mesi po àn or 
voleur in solution, The colour changes to успом on the addition Of an alkali 
ca the formation of potassium chromate Medicos Hub 


ШТ 
due 


^K + 
к.с О, + КОН Ses K,Cr0, + HO. 


On addiffon of conc, H,SO, to the cóld solution of potasstum dichromate 
Are of ide (C arate out. 
red crystals of chromic oxide CrO,) separ 


= 2K +2 + 
PO) THO, —— 2KHSO, + 2CrO,^*. HO 


255 t 
it sets as a strong oxidizing agent, It oxidizes ferrous (Ес )\Saltsto ferric 
` a 5%. ^ s 5 To С г E 4 " \ ч сы 
а! Апа liberates iodine (rom potassium iodide in the presence of dil H SO, 


Faso, + KCrO; + TH SO, —3Fe (SO), + K,SO, + Cr (SO, ), +790 


GKI * K CrO, + 7H, S0, 


4K,SO, + Cr,(SO,), +31, + 7H 0 


Qa heating potassium dichromate with solid potassium chloride (KCl) inthe 


presence of concentrated sulphuric acid, it gives reddish brown vapdurs of 
ehromyl chloride (CrO CI. ). 


KCrO, + 4KCI + 6H SO, 6KHSO, + 2CrO,CI, +3H,0 


Potassium dichromate is used as a powerful oxidizing agent in the volumetric 


determination of ferrous iron, in preparation of chromium compounds such as 
chrome alum, chrome yellow, chrome red etc., which are used as pigments and 
in the preparation of certain organic compounds such as acetaldehyde and ethyl 
alcohol. | | 


5.9 POTASSIUM PERMANG, 


Potassium permanganat 


2МлО, + 4KOH + С 
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assium manganate is extracted with wa 
h chlorine or ozone to get the oxidiz 


Pot 


5 t 


A AMO + кон: 0 
з 


potassium permanganate can also be prepared from potassi 
y electrolytic oxidation um manganate 


IR MnO, + 32H70 — — 2KMMO, кон „р 


Potassium. permanganateis_the most important chemical.co 

manganese. It is а deep purple crystalline solid and is reagily3o] rpm 
giving-deep pink colour. On heating, it liberates Oxygen and forms 
manganate and manganese dioxide. 


lc in water 
potassium 


2KMnO, —— — — — ——- K,MnO, + Mno, +0, 


Potassium permanganate is a powerful oxidizing agent and is used for this 
purpose in acidic, alkaline or neutral solutions. In acidic solution permanganate . 
ion accepts five electrons to form manganese (Mn** ) ion, whereas inalkalinç 
of neutral solutions, it accepts three electrons to form manganese, dioxide 


(MO). 


MnO,* 8H" + Se” Mn'* + 4H,O 


Basic or neutral medium 


MnO, + 2H,O 3e MnO, + 40H7 
A + ) salts to ferric (Fe? ^) sali 


_ Potassium permanganate oxidizes 
ES (NO, ) to nitrates (NÓ, ) 
Wirogen peroxide (H, O. ) to oxyge 
macidic medium. — ' ^ ' 


\ 


MnO, + SFe?* + 8Н* 


MnO SNO- + 6H* 


oy 4 / A | Medicos Hub 


sa bU 2 \ - » É 
2MnO, + 5H,C,O, + 6H 2 2Mn?* + 10CO, + 8H,0 


м 2Mn** + 50, + 8H,O 


2Мп0, + SH,O, + 6H 
2MnO, TOKI +46H 2Мд?” + 10K * 51, + 8H,0' 


In neutral ór-alkaline medium permanganate oxidizes potassium lodide to 
potassium iodate(KIO,) and hydrogen peroxide to oxygen and itself reduces to 


manganese dioxide. 


2KMnO, -H oO Kr. ENC. 20H + 2Мло, KIO, 
/ 4 medium 


2KMnO, +3H,0, HERE. Mino, + 2KOH + 30, + 2H/0 
е 


Potassium permanganate is used as an oxidizing agent and as a disinfectant 
5.10 CORROSION AND ITS PREVENTION 


he term corrosion is defined as a harmful and an undesirable reaction of d 


meta! materjal as a result of exposure to atmosphere or any chemical agent 


Almost all metals ex 5, such as Ag, 

metals except noble metals, such as Ag, Au, and Pt., show great 
tendency to corrode with different rates when exposed to atmosphere or water 
or any reactive liquid. For example iron acquires brown flaky surface called rust. 
copper таео; become covered with a layer of green coloured substances, cells 
made of zinc get white powder deposits on their surface often leading to holes 
in rhe zinc case. 


When corrosion ín af 
atmospheric corrosion 
on a metal, it is term 
different rates as for 4 


the iron in use is losti 
structure. Since iron 
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thods: 

(i) Protective Metallic Coating: — Th 
rrosion by coating with another metal a 
jt с tin plating (Tin covered), 


methods have been used to prevent the corrosion. Below ar 
© enlisteg 
som 


me € of the 


€ iron or ste 
x el can b 
: € pr 
Sin Salvanizeg iron ¡ 2 gus from 
zin i 


(iii) Ailoying of Metals: — One of the most important wa 
a metal from corrosion is by mixing of it with another me y of Protection of 


< tali Р 
ega stainless steel is an alloy of Fe, Cr and Ni al i.e, alloy formation 


(iv) Coating with N n —Metallic Material: Metals can be Protected f 
H rom 


corrision by using various kinds of non —metallic materials Such as pai 


grease, plastic emulsion etc. nts, oils, 


SILSTAINLESS STEEL | 


The term stainless steel is used to those iron -based alloys which show 
resistance 10 corrosion. They arc formed by ihe addition of + 


e " —— = - 
chromium and nickel in steel. 
— la 


bere are three main types of stainless steel which have different percent. 
ages of base metals and are listed below: 


(1) Stainless steel containing-13% Cr and0.1 to 0.496.C. 


ri 
а 


(ii) Stainless steel containing 17% Cr and 2% Ni and 
(it) Stainless steel containing 18% Cr and 6% Ni 


All the types of staintess-steel-are-corrosion resistant alloys and are, 
oxidi | i e iim. of oxide is formed ог 
idizable only to súch a slight degree iat a very fine f wie ae 


Material surface which resist furth 


“thin thatthe colourand appearance of 
Stainless steels-are used in'thé » 
“es for decoration and-its applica: 


"SILVERING OF MIRRO 
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ng of mirror was originated by Liebig in 1938 when he 

п ammoniacal solution of silver nitrate in a glass sath 
liant deposit of metallic silver on the surface Of the. E" 
h silver is given below. Bam 


J 
„ Oo A 
М 


cy 
' 


ISP 
UN ta 
Ge 0 А" 


1 

C п б 
i 
] 


E. 


Clean the fass sheet with ammionia and wipe With a 
chamois. Then prej arc a solution of silver nitratein distilled wa We 
which add dilute aquicous ammonia slowly uni Ле brown Prec} И 
of silver oxide ts redissolvcd. In another beaker prepare Solution 
Rechelte sait Coi ih potassium tartrate)4n water, This Solution 
Called ammonical AgNOs solution. To this solution add glucose 
acts as a reducing ager ii and immediately pour the solúlion on 
middic of the glass to be silvered. It will spread itself dver he eu 
ofthe glass shect The reduction immediately begins as follows 


ABRO, + NH,OH > AgOH + NH,NO, 
While 
precipitate 

AgOH + 2NH,OH ——__ Ag(NH3), JOH +20 


Diamine silver (1) 
hydroxide 


I28g(NH;), он ——— — Ag¿0 +H,0 + 4N Hi 


CH.OH CH. OH 

E LTr 1 A l 

(C HOH), ec HOH), +2Ag 
CHO сооп 


Photography. — The art ofdevelo ing a late of 
film by means of Exposure ib je = "B iiis m photographic p 


A photograpine film or 
silver iodide suspended | 
bromide (AgBr), is sensitii 


position. Sulphur, which É 
silver bromide. 


On exposure to lights 
plate undergo reduction ¢ 
organic reducing agents 


er. This reduces the sensitized silve Medicos Hub 
dem nsistized silver bromide grains il de to Silver 
the veloped film reproduces the pattern of the lignes bus Whereas 
Mate 


the dad the negative because it is blackened wi iS techni 

; - ! i techni 
ч one orig nal image was most intense, with metallic Silver Whe his fim 
int ete the li “ы 


e negative film is then fixed by immersin iti 
е solution of euge thiosulphate (Na, S.O tin M fixing bath Containi 
са ves the excess 0 undeveloped silver salts fora. ) at; "iy: ining 
phate complex. 5 Soluble Silver thiosul. 
AgBr + ape ABIS ORN + Bri aw; 


iti i be made b ; 
A positivc print сап ace by exposing photographi 
coat ofsilver —bromice and silver iodide emulsion, * а ab om 
the superimposed negative print. The exposed paper is finally Sd through 
fixed in a similar manner. eloped and 


¿13 TIN PLATING 


Tin plating is an art of making a coat of metallic tin on baser metals such as 
iron and copper for their protection from corrosion and poisoning. Tin plated 
iron sheets are thus used extensively for making cooking oil containers and all 

es of containers. The household utensils of copper and brass are protected 
from poisoning by tiri plating. The process of tinning may be carried by mechani- 
cal or electrolytic method. 


[n the mechanical process the iron sheets or mild steel are first thoroughly 
deaned by dipping in warm dilute sulphuric acid to remove the oxide film. The 
sheetsare then washed with water andaíter drying, dippedin thebath containing 
molten tin: The sheets are then rolled to remove superfluous tin. The copper 
and brass utensils are first heated and then rubbed with some 


quantity of 

“tle of tin metal i 

ammonium chloride (NH, Cl), to remove the oxide film. A dori the 
rubbed over the hot surface and alter spani $o Jayer of tin Б 
surface of the utensils are polisnee 
Obtained, 


dtochloric acid. Pure tin 
a On passing the ct 
¿sheets in amounts СО! 


tro 
Sheets are tinned elec 


o D IA ERA «SER. 
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ASSIGNMENT 


1. Give the electronic configuration of the following elements: 
(a) Scandium (21) (b) Vanadium (23) (c) Manganese (25) (d) lon a 
| 


2. Giverthe gencral characteristics of thc transition elements. 


3. Name the following compounds and give the oxidation number Of Chop, 
n 


and manganese in each: 


(1) CrCl, (ii) H¿CrO, (iii) Cr, (SO,), (iv) MnO, (v)'Mn$ (vi Км) 

4. Name the following compounds: Y 

K [Fe(CN) ] ; Na, [Co(NO ) ; [Cr(NH, ) Ch): 

[Co(H,0),]SO, ; [Cu(NH,) JSO, 
5. Water and ammonia molecules act 
as hgands, explain. 
6. Give the conditions favourin 
prevented? 


| 7. Describe the metallurgy of copper. 


i 


as ligands but H,O and NH do np; 


g the rusting of iron. How can corrosion be 


8. What do you know about the chemistry of the following compounds: 
(i) AgNO, (ii) Cuso, . 5H,0 (iii) K,Cro,, (iv) K,Cr, O 

9. Write short notes on: y 

(i) Silvering of mirrors ДР 
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PART II 


ORGANIC CHEMISTRY 


CHAPTER 6 | 


INTRODUCTION TO ORGANIC 
CHEMISTRY 


Organic chemistry is the study of properties and structure of 
compounds which contain carbon hydrogen bonds. Previously the 
term “Organic” was used only for those substances which were 
obtained from animal or plant sources and could not be prepared in 
the laboratory. It was thought that a vital force was required for their 


Production. This theory was rejected md 
Observations of a number of scien 


1 üt example in Germany, a youn, 
e e laboratory from inorganic mate 
er. Urea is a waste product of me 


tis a typical organic compou 


— A n AA 


Medicos Hub 


un] = life) i.e. organic compounds 
' ory (vital = life) 1. 

Thus the vital force parie discarded. Npw a days many Organi. Mo 
be made without living ' cganic materials. A vast number of Organi, Om. 
ns vn sb from plant and animal sources have “Om, 

і i 
— Pa ple, rubber was isolated in the form of ч 
synthesized. €— 


from rubber plant. Today rubber is manufactured largely Sa 
synthetic materials 


Kekule in 1865 proved that the valency of ape s is four in carbon 
potads. He also established chain structures of the carbon compounds and rng 
structures of benzene, a typical organic compound. The vast number of Orgar 
compounds prepared over a short period and unique nature of such compoung 
necessitated treatments made the study of organic compounds separately from 


netessitated the study of organic compounds separately from com 
péunds derived from rest of the clements. 


In view of the unique properties of carbon compounds, these are Studied 
separately frominorganic materials. However, some oxides of carbon eg:carbon 
mongude, carbon dioxide and those complex compounds which contain metal, 
are excluded from this branch. Although the earth's crust contains only0027% 
fasbon, millions of organic compounds are known because of the ability of 
carbon atoms to bond itselfto other carbon atoms forming long chains, branched 
chains, rings and compounds with chains and rings together. This property В 
called catenation i.e: the ability of an element to bond itself with its own atoms. 


Оше? elements also exhibit the property of catenation but carbon does it tod | 


greater extent. Silicon has same tendency to catenate, but it is insignificant’ 
compared to catenation ability of € : is insignifi 


6.1 NATURAL SOURCES OF ORGANIC COMPOUNDS 
The mineral sources 
petroleum. Plants are als 


pounds. 


Coak— The bi 
ccmpounds. This when 
dustrial importance are 


\ 


| 


| 
i 


| 
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Table 6.1 


Products obtained from destructive distillatio 


n of coal 
COAL 


Gaseous Viscous 


Solid 
products liquids materials 
Coal gas Coaltar Coke 
(Main product used (A good source of (Риге carbon used 
as fuel) hundreds of organic as reducing agent 
compounds) in Industries) 
tional Distillation Таг: 


led, four principal fractions are obtained, viz: coal gas, coal tar, coke and 
nonical liquors. Of these coal gas which consists mainly of methane and 


drogen is used as a fuel, while coke a form of carbon, is used in the manufac- 
re of iron and stecl industry. The compositi 


the nature of the coal. However, coal is composed of various 
omatic hydrocarbons. 

These components are separated by fractional distillation of coal tar. It has 
en calculated that 100 Kg of coal tar yield 1—2 Kg of benzene. 


Natural Gas;— Natural gas is also one of the important sources of simple 


Iganic compounds specially like methane. It is found at Sui in Pakistan and 
Own as Sui Gas. It is also found at other places, 


Composition of Sui Gas 


Methane 94.60% 
Ethane . 105« 


Propane 
Butane 
Nitrogen 
Carbon dioxide 


У Petroleum; Petroleum means i 
© Surface of earth, It | 

nts with different bolling p 
Doung > aromatic hydroc: 
ds. It is also called crude o 
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distillation, several groups of products arc obtained. This js know 
rcfining of petroleum. à 
REFINING OF PETROLEUM 


Petroleum is refined by distillation. Crude oil is carried by Pipes 
fractionating column and heated to above 400°C. A number of products y 


obtained at different temperatures and condensed. 


More than 500 compounds have been found in petroleum distillate boiling | 
below 200°C. Table 6.2 shows the composition of various fractions obtain, aie | 


distillation of petroleum. 
Table 6.2 Typical fractions of petroleum distillate 


Boiling range of fraction Nature and use 


= o 
60— 120"C Ligroin, solvents (Naptha) 


Nonvolatile liquids 


Nonvolatile solids 


Below 20°C C-C, Natural gas, bottled gas, 
petrochemicals | 


4 | 
Die | Co ¿| Y da 
250 —400? 4 


Refine mineral lubricating 
oil, grease 


Paraffin wax, asphalt and! 


ii 
1 


Gasoline or petrol is a mix 

= : tu 
Since the demand of gasoline is, $e 
automobiles, airplanes etc. The 
tities of petzol from crude oil, 


REFORMING OF PE 
Knocking is a sharp 
combustion engine. Its ca 
102 


Medicos Hub 


e number of gasoline is improved by ref 
* similar to cracking, which again brings apr 

ght chain alkanes into branched chain al th 
415 of such quality that its vapour mix 
Et compression on passing of firin 
Ppurning of fuel Is not utilized In movin 
t, the straight chain hydrocarbon m 


gasoline, 1 
k compounds, the a 


r, which moder- 
But fuels containing 


Example: 


CH; CH; 


: Heat , 
CH,- CH, = CH, z CH; = CH, = CH; пе CH, al CH, аву ? CH3— T —CH,— H— CH, 


n-octane (straight chain) CH; 


2,2,4-trimethyl 
pentane (branched chain) 
63 CRACKING 


The fractional distillation of petroleum yields only about 20% petrol. 
iddilonal quantities of petrol are obtained by cracking of higher boiling 
fractions. Cracking involves splitting the larger molecules of the less 
volatile fractions into smaller molecules of greater volatility by a s 
them to high temperatures and pressures іп the presence Y x P. 
Besides increasing the yield of petrol from petroleum. cracking wo 
large amounts of useful by products such as et her e rg 4 gents, 
‘ynthetic bers, synthetic ruk 


Chemicals like ethanol, phen 
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With high members of alkane, the cracking reaction 
complex. Consider far example the cracking of heavy Eas MEN 
presencc of zeolite as catalyst. > th 
500-550 
СН (CisH39)Cz His —zme Сто + Cz Hy, + СН, 
| n-heptane 1-һеріепе This farte, 


cracks in 
smaller n° 


Hcavy gas oll 


6.4 POLYMERIZATION 
Polymerization is defined as the process in which Many 
molecules join together to form very large molecules. It 1s M 


addition reaction. 


Types of polymcrization;- There are two types of Polymerization 


1. Addition polymerization and 


2. Condensation polymerization 
1 iti rization:- When many monomers Undergo se | 


combination, resulting Into a substance with a molecular mass man 

mes greater than the monomer, then the polymerization is known 
addition polymerization. The empirical formula of the addition ро, 
mers formed is the same as that of the monomer. For example th 


formation of polyethylene from ethylene. | 
n(CH, - CH,) OR er (cH, - CH, - CH, - CH, +), 
Ethylene Polyethylene | 


1 iz In condensation 

polymerization 

there и A eliminatlon of a by-produet usually water. Bakelite is an 

Cxample ofa polymer formed by the condensation process, involving 
Phenol and formaldehyde as monomers, 


OH 


Phenol  Formaldehyd 
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TION OF O 
CLASSIFICA RGANIC c 
5.5 COMPOUN OMPOy 
» ORGANIC Ds. NDS oR тебе 
Organic compounds are divided into two 
1) open-chain or acyclic compounds br Alphan n 
| ) closcd-chain or cyclic compounds С com 
(2 Open-chain compounds have Open с 
enerally called as Aliphatic compounds, 
The organic compounds containing closed ri 
compounds. The cyclic compounds are further айма 
bocyclic com 
omocyclic or carbocy pounds, when th 
H bon atoms only and (b) Heterocyclic compounds, when of 
contains in addition to carbon atoms, other atoms like О 5 the 
Homocyclic compounds may further be divided into iro N etc. 
(1) Alicyclic compounds. (ii) Aromatic compounds. types: 
Alicyclic compounds are carbocyclic or homocyclic compounds 
which resemble aliphatic compounds in many ways and do not 
contain benzene ring c.g. cyclohexane. 


CH, 
H,C(/ CH, 


Broups: 
Pounds 


hain Structures and are 


Ng are called Cyclic 
ed into two types: (a) 


CH 2 
Cyclohexane (Alicyclic) 


Alicyclic compounds are also called non-benzenoids. 
Aromatic compounds are also carbocyclic or homocyclic com- 
pounds, containing atleast one benzene ring. A benzene ring Js à 
onal ring of six carbon atoms with three alternating double an 


single bonds, 
Example: a а ле 


os 


CCH 
a 
C CH 


bord 
| 


H— 


H— 


H 
aromatic benze 
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Heterocyclic compounds are cyclic compounds containing 
clements besides carbon on the ring. c.g. Othe, 


CH 
HC CH 
HC CH 
N 
Pyridine 


ORGANIC COMPOUNDS 


Closed Chain 


Open- Chain 
or 
Cyclic compounds 


or 
Acyclic compounds 
or 


Aliphatic 
compounds 
Homocyclic 


or 
Carbocyclic compounds 


6.6 HOMOLOGOUS SERIES 


A series of compounds in /hich th 
features but which differ from Жаш 
(the methylene group) in; 
normal alkanes which ha 
series, in which each r 


by one —CH, group. 


106 


Medicos Hub 


f the homolo : 
and there isa M epe in the physical proper, smc 
example me üng and boiling points tend to incre > of the mpound 
ecular weight in a homologous series (The first E With ае 5, 
etimes an exception to this rule since em sing 


Properties 
Q 


mol 
som 
from the 


1. All members of the homologous series have similar 


2, Physical properties of homologous serie > 
more or less with the number of carbon dion Je Progressively and 


b the 
: its properti T Of the series ; 
properties of other members). Properties are Somewhat differen: 


Structures, 


3. The composition of all members of a homolo i 
expressed by a general formula. Thusalkanes can E 7 с be 
general formula C,H,, , ,, alkenes by o y the 


k and al 
where 'n' is the number of carbon atoms a a Si Y Ca, y, 


4, Successive members of the series always diffe 


— CH, (molecular weight 14). Any two members of 
differ by some multiple of —CH,. 


t in composition by 
the series, therefore, 


Homologous series of saturated hydrocarbons i.e. alkanes. 
CH C.H, CH, СИ CH CH 


4 q 14 
Methane. Ethane Propane Butane Pentanc Hexane 


General Molecular Formula: — All members of homologous series share 
general molecular formula. c.g. C,H,, , q for the alkanes, each successive 
member in such a series differs on its molecular formula by the addition of a 
-CH, group and in its molecular weight by an increase of М. 


Physical Properties:— The physical properties of the members amps 

boiling points of the alkanes increase along the seres, $ i five 
members are gases at ordinary temperatures and pressures o | 
o seventeen carbon atoms pet 
ate Wax like solids, Similarly t 
increase while the solubility i 
althe alkanes are generally 


Jin air formin dj 
With halogens, gcarbon 


= H і 
Medicos Hub .— All the pea pedis ls Prepare, 
TIE alkanes can be prep the гей, 
ег 
using the same gen 

ofall halides 
— ZnCl, + 2[H] 
— o +C;Hç + HI 


ЕШапе 


тп + 2HCl 
сн 2[Н] 


6.7 БОМ аду һау molecular formulas but differing 
Compounds 


tructural formula due to different ar rangement of atoms or group 
A called isomers (iso=same, mers=units means Same units) and the 


isomerism е.р; 
Lo ls the MO ois formula of two isomers namely; ethyl alcohol 
G 


ing same 


and dimcthyl ether. 
H H H H 
н-6-0-он H-¢-0-¢-H 
H H H H 
Ethyl alcohol Dimethyl ether 
(Ethanol) (Methoxy methane) 


This means isomers are differ 


ent Compounds whi : i» lecular 
formula but different struct P which have Same mo 


ural formulas. 


Types of I sm: 
ARES 07 tsomerism:-There are various types of isomerism but о 


of which some are Elven below: 


atoms i.c skeletals are can 
termed as chain isomeric. 
three isomers:- 


(1) 
(ii) 
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CH, 
| 
(i) CHi-= C -CH, 
| 
CH, 


¡Hon Isomerism:- Isomerlsm caused by the d 
rer of the functlonal group in the same MES D m 
S 


neo-pentane 


0510 . propyl 
position isomerism e.g; Ргоруі alcohol (Cy H4OH) has two position 
isomers' 
i) CH5- CH, — CH, - OH n-propy! alcohol 
or 1-propanol 
TG ^ H-C 
CH; - ct i— CH3 Iso-propyl alcohol 
OH or 2- propanol 


Similarly butene (C4Ha) has two position isomers: 
3 2 ] 
(1) CH,-CH,-CH- CH, 1-bulene 


(ti) CH, -CH-CH- CH, 2-butene 
[3] Functional group Isomerism:- Functional group isomerism is 
exhibited by the compounds which have same molecular formula but 
different functional groups c.g. Сз Hs O Is the molecular formula oftwo 


functional group isomers which are given below: 


о 
HI 
() CH;=CH, - C 


За a 
ANA eee dicos Hub 


e of isomerism 
crism is a typ Why 
b aa having same functional up à 
hed to the same multivalent atom Р by 
ta C4H100 has three metamers, "4 { 


(4) Mctamerism;- 
cxhibited by thc compou 


ttac 
different alkyl groups à 
cthcr with molecular formu 
> 1 
() CH, - сн; O- CHa- СНз Di-ethyl ether 
3 
Meth l-n- ro 

(1) CHy—CH, + CH, - O- CH; Yin" ргору ор, 


(ini A: ch -0-CH; Methyl-iso-propy| eth. 

e i запіс compoun i 
ҒавеНодаг E Ee stom or pron c m that ів substitui 
on thc presencc of an atom or group чексе the 
chain of carbon atoms in place of a hydrogen a ЧЕ GSM 
functional group. Each functional group has its own c aracterjst | 
ion functional group is defined as an atom or group of atoms 
whosc presence in an organic compound confers the properties (y 
organic compound unique to that atom or group of atoms. Functional 
group also defines the structure of a particular family of organi 
compounds. | | 

In alkyi halides (R-X), halogen atom (2) is the functional group | 
and in alcohols (R-OH), the hydroxyl group (-OH) is the functional 
group: 


A large part of organic chemistry deals with the chemistry o 
functional Eroups. The Orgainc co 


in which on€ or more than one h 7 unction 
group. The functional Eror i орсо ја de pu Lb 
organic compound while th жим» | 
properties. For Instan a 
promotes the solubility 
it. For all alkyl groups 
sulliciently greater to ] 
Table 6.3, Nam 
Structures of organic ci 


Е 4 Medicos Hub 
TABLE 6.3 


GENERAL MOLECULAn 
FORMULA 


R-X (where x=F,Cl,Br,1) 
or  CpHzp.¡X 


Medicos Hu 
ULAR 
HOMOLOGOUS GENERAL MOLEC 
SERIES FORMULA 


xlil.ACID AMIDES 


xlv.PRIMARY 
AMINES 


6.8 NOMENCLATURE 
In early days organic compounds were named on the basis y | 
their origins. For example, methane as marsh gas, теу! alcohol a; 
, wood, spirit, similarly aceUcacid from vinegar (Latin: accteum=vinegay), 


FUNCTIONAL Q 


AND ITS NAME ROUP 


Thesc names arc called, as Trivial or common names. | 
A increase in the number of organic compounds due to their 
rapid growth, caused a problem in naming the compounds, To | 
overcomc thc problem, th leading chemists held a mccting in Geneva 
in 1882 and formulated a system of nomenclaturc, called as Geneva 
system. This system later on was modified by thc International Union 
of Chemistry (1.U.C) at Liege in 1930. The LU.C system was further | 
Корогуса by International Union of Pure and applied chemistry In / 
960 and termed as LU.P.A.C System of nomenclaturc 
The bàsls of IUPAC System is the alkanes 


ALEANES (SATURATED ALIPHATIC HYDROCARBONS) 


Th 
he first four straight chain Saturated aliphatic hydrocarbons 


(methanc, ethane, pro 

Propane | 

Thc higher members * i Wet wh have long established names 
iame d trom Gre ә} mt met А 


indicating the number of 4 " 
$ Е са ator 
ane" added, e.g pentane, h | 
The general molecular forr 
Is the number of carbon atom: 


AC! 24. e 
T ipta: Van — | 


112 


Medicos Hub r 
names of first ten alkanes are 
The Elven below. 


Table: 


n n 

1. Mcthane (CH,) SH Epa 

2. Elhane (Ca Hs) 7. Нер Ne, 14) 
3. Propane (Cs Hg) BY Octade ic t Phe) 
4. Butane (C4 Hio) 9. Nonane | в Hia) 
5. Pentane (Cs Hi2) 1 Co H20) 


O. Decanc (Co Ha») 


Univalent alkyl radicals are derived from alkanes by the 
val of a hydrogen atom and are represented by th h 
B m: i, They derive their names from alkancs by а UAM 
“апе” to-yl 
| Example: 
-CHa(mcthyl radical) from CH4 (Methane) and CH,-CH,- 
(Ethyl radical) from CH,- CH,(Ethane). 
On the basis of arrangement of carbon atoms, alkyl radicals 
may be n (normal), Iso- and Neo-. 
CH, - CH; - CH; ~ (Propylor n-propyl radical) from CH, - CH, - CH, 
(propane) and CH4-CH-CH; (isopropyl radical) from 
CH, - CH, - CH, (propane)! 
Other examples: 
CH, no CH, == CH, = CH; E CH; A n «X CH; e 
n-Butyl 
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example: 
5 4 2 
CH3- CH3- CH3- GH- CH; 
St 
(wrong) CH, 


6 5 4 3 
CH,-CH,-CH, = CH - CH, 


2CH, 
| 
(correct) ICH; 


Number the carbon atoms of the longest chain selected in which 
P eir gives the nearest branching for the location of all branches. 


Examplc: 


(carrect) CI, 
2 4 5 
CH,-CH;-CH,- GH - CH, 
(wrong) CH, 


3. Position of each alkyl radicalds designate 
atom to which it is attached 


e cen e ^ 


Example: Medicos Hub 
CH; | 
! 2 
CH,-CH,- зс = ÇH CH, 
! CH; 
CH; 


2.3,3 -trimcthy! pentane. 
5. When two or more different alkyl radicals are present in the 
then they are named in the alphabetical order i.e ethyl before methyl, 


and mcthyl before propyl etc. 


Example: 
CH, 
5 3 | 
CH34- CH;- p- — *C - СН; 
CH; H 


3-ethyl, 2-methyl pentane. 


6. When different alkyl radicals occur at the same position on a carbon | 
atom from either end of the chain then the carbon chain is numbered 
from that end where the smaller radical is attached. 


Example: 
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other examples: 
(i) CH; aa C(CH; k e (CH; ), Ps CH; 
CH; 
| 
! з 4 
or CHy- °С -CH;-CH,-CH, 
| 
CH; 


2,2-dimcthyl pentane 


1 3 
(И) (CH; ), CH or C H3 = 20H ү” C H3 
2-mcthyl propane 


SA. c0 - 
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IUPAC NOMENCLATURE OF ALKENES. 
Rul Or. lkencs:- 


, 


1. Select the longest continuous chain of carbon atoms which mug 
include both the carbon atoms containing double bond. 


2. The numbering of the longest chain starts from that end NCarest 
the carbon-carbon double bond, irrespective of the location of аку 


radicals. 
Example: 
Жы t Єў C H.-CH,-CH,- CH=CH 
CH,-CH -CH=CH, a CHa СН,- СН. - C 2- CH, 
"CH 
CH; 


3- methyl butene : ш 
‘CH, 
3-ethyl hexene 
3. The double bond in the compound is indicated by changing the | 
suffix- “апе” of the corresponding alkanc by —"ene” and the position 
of double bond in the chain should also be mentioned . 


Examples: 


5 4 3 2 1 5 4 3 2 1 
CH;-CH;-CH=CH-CH,, | CH,-CH,- CH -CH=CH, 
2-pentene 


Example: 
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other examples 
3 2 5 4 3 1 i 
" CH - С == CH-CHa, CH, =CH= CH -CH-Cu 
СНз | 2. 
CH, CH; CH, 


119,6 heplalricne or hepta-1,3,6-trlene. 


NOMENCLATURE OF ALKYNES 


nam : 
1. n= ie longest continuous chain of cabon atoms which must 
include both the carbon atoms containing triple bond. 
2. The numbcring of the longest chain of carbon atoms starts fromthat 
end ncarcst to carbon-carbon triple bond, irresprective of the location 


oí alkyl radical. 
Example : 


IUPAC 


I 2 3 4 5 
2-pentyne 


The position of triplc bond is indicated by the number of that carbon 
alom which has lower number . 
4. The triple bond in the compound Is indicated by changing the 


vet 


sulTix-'ane" of t] dir 
ll e 1c соггеѕро 


а; 


5. If two or more triple bon 
indicated by adding the pn 


— _ ҮҮ 


—————Y N 
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6. Other rules remain same as usual. 


Other examples: 


5 4 3 2 1 
ČH,- CH=CH -C=CH 


1 TE 4 
CH, - G = C = CH, | 
p CH, CH, 
3,4 - diunethyl-1-pentyne 
o 5 4 3 2. :8 
CH;- p» - ri - CE C-CH, 
CH, T 
CH; 


4-elhyl-S—melhyl -2-hexyne 


Rules: 

1. When double and triple bonds both are present in a molecule at 
equal positions then the preference of numbering is given to the 
double bond 
Example: 

І 2 3 4 5 1 2 3 4 

CH, = CH-CH,-CaCH CH,- CH =CH-CH,-C=C-CH, 
1- penten-4-yne 2-hepten-5-yne 


2 In casc of a chain containing both double and triple 


different positions then the 
double or triple bond is ni 
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NOMENCLATURE OF AMINES: 


Primary aminc Secondary amine Terllary amine 


vial o men re of amines:- Amin 
- ез-аге com- 
monly named by adding the suffix amine to the name of alkyl radical. 


In secondary and tertiary amines, the prefix di-or tri- is used b 
the name of alkyl radical e.g. used before 


( CH,- NH; Methyl amine 
(11) C HNH, Ethyl amine 

(ti) CH3- fag Dimethyl amine 
CH, 

) CH;-N-CH, Trimethyl amine 
Сн» 


CH, - N ~ СН» 
| 
C5Hs 
C¿H¿NHz 
(Aniline) 


CoHs 


СеНь 
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IUPAC NOMENCLATURE OF PRIMARY AMINES: 
In this system aminc is named by replacing “—" of the Parent 
alkane with sufix-amine, e.g. 


(i) CH¿NEL, Methanamine 
(i) CH, - CH, — NH; Ethanamine 
The primary amines can also be named as amino (NH,) derivative, 


of alkancs: The location of the amino group on the cabon chain is 
indicated by a number to which it is attached e.g. 


(i) CH,NH, Amino methanc 
(ii) CH, — CH,NH, Amino ethane 


3 2 1 
(ili) CH, - CH¿- CH;NH; 1- amino propane 


3 2 
(iv) CH; - ES - CH, 2- amino propane 
NH, 


LU.P.A.C NAMES OF ORGANIC COMPOUNDS CONTAINING 
FUNCTIONAL GROUPS : 

If a functional group is present then the final "e" from the name 
of hydrocarbons (Alkane, alkene or alkyne) is dropped and the suffix 
is added. À 
The table 6.4 explains the naming together with the names of / 
functional groups when they are used as suffixes or prefixes. 


TABLE 6.4 


Functional group IUPAC name Name of the 
with family ns suffix functional group 
as prefix 


(i) —OH 
(ALCOHOLS) 
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IUPAC name 
, ав suffix 


: ctional group 


O 


] 
(iv) -C- ОН 
(CARBOXYLIC ACIDS) 


—oic acid 


(PRIMARY AMINE) 


Haloalkanes 


T ERR ЭНИ 
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ASSIGNMENT 


1. Define Organic chemistry and discuss its development as a separate brane, 
of chemistry. 


2. Briefly describe the natural sources of Organic compounds. 


3. What is meant by each of the following: 
(a) Catenation (b) Homologous series (с) Isomerism 
4. Name the following compounds according to IUPAC system.. 
ш (CH,),CH- CH; - CH; 
(iii) CH, — си E E -CHg 
C,H, CH, 


/СНз 


(ivy Є.Н, - g -CH | 
H3 CH; \cHs) 


м (CH3), CH- (CH;), - CH(CH;), 


(vi) CH; - CH -CH-CH, . 


(ix) CH; 
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х) CHz= Ç -CH=CH-cH, 
CH; 


(xi) CH, - CH¿- Cm C-CH, 
(xii) (CH; ) CH= CH,-Cs CH 
(xiii), “CH, = CH- СН. C & CH 


(хім) CH4-. CH =C = C- CH=CH, 
H3 
(xv) CH = C-CH,-C=C-CH, 


CH, 
| 

(xvi) CH= C- CH- C - CH, 
| 
C,H, 


& Write the structural formulas of the followings: 
3-mcthyl hexane 
2,3- dimethyl pentane 
2,3,4-trimethyl heptane 
3-ethyl -2-mcthyl pentane —— — 


ЕКЕН Ж © ЕЕ ЕБ е 
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« r р ounds containing only carbon and hydrogen arc called hydroe. 
п the basis of structure, the hydrocarbons are divided into two main 
Le Miphatic and Aromatic — hydrocarbons. 


Av 


D (i) Saturated = The compounds in which all the bad] 
pone atoms are fully абез by single bonds,are called таа 
s. The examples of saturated hydrocarbons are alkanes. 


EL єн, TO) GN CH ^ 
| ane — Ethane 


q \ Ў А 
The tom punds i лы all the 
ed, are called unsaturated hydrocar- 


Ena | ples of unsat | ated open chain 
urated 1ydrocarbons are: 


e 
1 г 


y= 


(11) CH, or H-C=C-H 
73 Ss 
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ERE cc 7 ES ани 


Ne? hydrocarbons which con 
The" and examples are 


т. Т > 4 
EU j 


tain Closed ch: 
"CO Chain of 
ON atoms 
* MC called ' 
kenes, Cyclic 


Cyclo Alkanes and c 


^ Cyclo “alkanes 


А | | r 
Auf compounds are benzene and its | 


| homologs, Th 
7 homonuclear and heter : - 


dy (i) 


y ger divided eS 0—nuclear acomatt: бы "A 
pe n rms 
single 


anes are the Open chain Saturated hydrocarbons in which all 
covalent bonds. Each carbon a 


dogen atoms and other carbon atoms. 


dg, 


^ - 


tom is tetrahedrally surrounded i 
The names of alkanes end with 


nd general formula is CH, , The structural formulas of few alkanes 
wen | н <a HH | І 
B | 
aff | T. +e — сс с —H 
ic. ii) H— C—C—u_ (iii) н 
1 ш M " ANA 
н 


C.H.) 
(С i) Ethane(C,H,) Propane(C,H, 


| | Ае. 
7 lar structures, the carbon chains are not in straightlin 
three dimensional m nature. hydrocarbons in which two 
Alkéne: arc unsaturated open chain hycryeart mes of alkenes 
„ө hid 
е COT pe: 
al 
ч ar 


nc er 


“c=C) | The'na ken 
by a double bond 2 SA ficat ue 
Pla of few alkénes are B 
2. The for i 


a, л 


«аша — 3 | 

н ee 
p n 

(ii) | k 
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H 

(iii | | | | | ET. 

iii) (rod at AN Met ds — | | 

| | | oe 

y H H H | 

H 

2 - butene (CH) 1-büsene 

Alkynes:— Alkynes are unsaturated open chain hydrocarbons in A 
carbon atoms are connected by a triple bond (- С C — The q (hw 
alkynes end with "-yne"and general formula is CnH2n-2 where dis AN 
number which is equal hole 


| to 2 or greater than 2. The structural formul 
ONE Biven below. y 


e 


H 

Ф , 2 1 
ШЕШ HL c= cH (i) H—C— =t y 
y “22 


H 
Ethyne(C,H,) 1- propyne(C,H,) 

H H н H 

2 3 |, |, l 2 i 

—C—C = Č — C —H H— c —C—c=Cay, 

| | У 4 
Е. н H н 

N 1 — butyne (CH) 


Si= The ali cyclic aliphatic hydrocarbons are closed 
the cyclic hydrocarbons are named by prefixing the word 
Пе corresponding open chain hydrocarbon. The general | 
e nisa whole no.which is equal to 3 or greater than3. 
few cyclo alkanes are given below: — 


OUT 2х 


Cyclo-pentane(C, H,,) 
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h 
| = i= Aroma; 
м | dic compounds containing benzen er hydrocarbon. ares 
\ сс carbon atoms with alternate д nzene rin Pecial class т 
Co ring 4 derivatives of benzene. Quble bonds, Other EA — Membered 
| gre the ^ H 1 hyd tho 
н | 
С 
Hi» c^ ^c —H 
| 
H— C Tm 
É Di ASA 
y / ^H Benzene 
| | CA. 
12CHEMISTRY OF METHANE + 
i ad 


lap 
ethane is the first and simplest member of alka 


ДҮ: : ne family with molécul 
la CH,. It is the major constitu y ar 


ent of natural gas which contains 94% of 
Occurs in the form of sui gas found at Sui in 


e marshy places and stagnant pond and hence 
named as Marsh gas. 


Structure of Methane:- Mcthanc is composed of onc Carbon and [our 
(йореп atoms i.c. CH,. Carbon of methang is sp? hybridized containing four р 
hrid — orbitals. These four sp’ hybrid orbitals are arranged in tetrahedral 
lion with an angle of 109.5? as given in figure 7.1. 


Shape of sp? hybridized C-atom. 


109.5* 


sp? hybrid orbitals of carbon over lap with 2 4 
ydrogen atoms to form methane. It pep. и 
inc is tetrahedral in which carbon is ae 
toms are lying at its four comers of a te 
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.— When anhydrous sodium acetate is heziedwiy 
lime shaked with concentrateg 


tum ACES 


ime, it forms methane. Soda lime is quick 
ohon o o ce hydroxide. 
"Т^ 
CH, COONA,,, + Маон, ——— СН, 


5 
b is the most convenient method for the preparation of methane. 


, + Na, CO 


34s) 


= Methyl iodide may be converted 
em are given below: 


eduction of тешу 


n 145 1 #1 


ethyl iodide is treated PT Has cent nme [H} it plc: methane. 
‚ nascent hydrogen is obtained by the action of HCl with Zn. 


BT + HI 


in tion of Methyl Todide:— When methyl iodideis 
the presence of pre мру, it produces 


ү tie 


.— Methyl mag 
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— TOM x Er alii 
» () Methane is a col | 


Urless, Odoures 
is slightly soluble in io 
„+ 20°С. The low soubas 


SOnous 
sr i.e 100 mis 
W solubij; Of wat 
МУ in water is due > von onys mls of 
: Mu 
(iii) Methane molecule 15 SYMmetrical and non Pola de 
is light | f^ We tem 
(iv) Methane is lighter than air, When йди ей, it is loss denser than Wai 
cal propertics:. Methane Is relatively un j 
] affected by acids, basis and oxidizi к ЧЁ. у pot | 
леа 1 ng agents Such Dotassiu 
ы» Es egnate and potassium dichromate at Ordinary Conditions Ў | 
ua Y ^ . . 
/ a ant reactions of Methane are halogination and combustion reactions, | 
ton: — The Feplacement Of One or тоге hyd- i 
With halogen atomis called halogenation and 
sample of substitution reaction. The halogenation iscarried oul, 
en methane is treated With halogen in the presence of Sun light, heat | 
a catalyst, | 
À For example when methane is treated with Chlorine in Presence of sun 
iiu опе hydrogen of methane is replaced py q Peete mes | 
b" llowing pri ucts, 
E. | \ 
| sunlight | 
ECH, +61 —Sunlight — сна + HCI 
4 + © Chloromethane 
| | | Fry 
' IÓ Bá a-'a с ad, | 
| НСІ + CI, Dichloromethane ү 
CHCI, + HCI 
Tri chloro methane (Chloroform) 
— CCI, + HCI 
methane 
Tetra chloro met ide) 
(Carbon tetra Chlori 
| o Cir bon 
y ZOL e 


is Dt Pues The chlorine free radical then attacks M 
molecule STET hyl free radical. This methyl free radical the, Wa 


ves a chlorine atom from another chlorine molecule and form chloro. Eb, X 
and chlorine free radical. This chlorine free radical (atom) repeats Same н. 
uence. This is shown belów: ч. 
O GD 2d 

м Chiorine free radical 


S i) CH, + :С1- CH, + НС 
y .. 


- (i) CH, + Cl, GH CT NGC 


Methyl 
free radical 


> (b) Combustion Reaction:- When methane burns in oxygen, i 
¿produces carbon dioxide (CO) , steam and lot of heat. 


: ЇЇ bustion reaction is highly exothermic and a lot of heat i; 


CO, 0 > 2H,0,, AH = - 45.93 K.J/mole 
=-2.85 K.J/g of methane 


ig of methane takes place at t high temperature i.e either by flame or: 
е started, the reaction gives off heat. This heat is sufficient to maintain 
ature and to permit burning to continue. 


*- 


Єр ad 1 er is used as a domestic fuel (ii) It is used in 


orme AA] polishes etc, 
SLE ANE L—7 
er EM alkane with molecular formula C H! a 


as and gases from oil — wells. In very s 
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> = Ethan 
M e M Each C... eiha 9 carbon ar 
RD sp? hybr Orbitals. These SSP рр: ,. «От 
BA dos pedral fashion. Out Of four "He hyb ri orbitals zed 
| урп orbitals аге utilized in the form, Pd orbitas of each 
К ' where as ining 
atoms, 


sp А n of sigma b ‘Phen eas 
hybrid orb; Onds with t 
E prid orbital of other carb Orbital of one C _ 


TOBen 
On atom to form asi atom Overla : 
A a Р К 4 - i S Bma Orbit; PS with S М 
ying ethane ш, às Shown in figure 7.3: ül between Carbon atr, 
Hey 
\ A 


FIg. 7.3 Structure of ethane j 

| elhang 
- +6 .| OF 
Ethyl odide:— Ethyl iodide on the 
oduces ethane. In this condition nascent h 


T couple and ethanol. 


reduction with nascent 
ydrogen is obtained from 


7 п/с : 2 on (GH, o) Zn xdi] + Cá 


2[Hj . ы — - CH, * HI 
ent hydrogen : 


2 ¿= When methyl iodide is treated with sodium metal, 


| — 
127. “CH. + 2Nal 
Solvent C, е 

ea a 


r products are also formed. 
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(3) "ro E ENYI [Y] dSn estrum DGIC rion tas Reaper 


1h 4 
be obtained by the hydrolysis of ethyl magnesium iodide, 


sor 
C,H, —Mg- I + H- OH — C,H, ERN 


C | Irogenation of Ethene: — When ethene is treated y; 
hydrogen in presence of nickel as catalyst at 300 °C, it form, 


— "Physical properties;— Ethane is a colourless gas. It’s boiling point i 
789 C. It is sparingly soluble in water but readily soluble in ethanol. 


chemical properties:— (i) It burns in air or oxygen with a non—luminoy 
> form carton dioxide and water with the evolution of heat. 


4CO, + 6H,O + Heat 


logenation: — It reacts with halogens in a similar manner to methane 
bstitution products. The resultant reaction products are, however, 
2 and these are firstly due to, the presence of six hydrogen atoms in 


ad of four in methane and secondly because isomerism is pos 
dichlorination step. 


5 with molecular formula C,H,. It is 07 


Medicos Hub EE 
Ё " EX MEE" 


H 

Y 

; нс = сын ). It Occurs in coal 
ж destructive distillation Of coa] 

1 . 


DEA RNE 
s (7 Is the fist > 


structure of Ethene: K 
f carbon and four atoms of h 0 ; 
| roms Ol © 9» Ydrogen |. 15 Compose 
"ea : hybridized PF bine three Sp" hybrid Orbitals adde Each Carbon ы" E 
Wij orbital. Three ЎР. y rid orbitals arc ped il y One unhybiidizeg з Ae 
120° whereas p, is lying perpendicualr to the plane or, ahi ‚Мот; 
in fig. 7.4. Sp hybri 


f, sp? 
q 


X Fig. 7.4 sp*-hybridized C-atom sp? 


sp? || 


À 


ther and form Sccond 
bond as given in figure 7.5 


=> KTS 4 

v4 Sm) H y 

$ ә} | 7 өре > 

«J > Fig. 7.5 a sq q bon 
CA | 1 pie bond : 
| 


yid between two carbon atoms and this is z- 


i 


OC 7 tom undergocs parallcl Overlapping with onc ano 
«а 


= When ethanol is heated with 


| = aen y А ; . е 
іе Dehydration of Alcohc is taking plac 


" C) át 170°C, it produces ethene. The reaction 


NO: al 435° 
(No.of ) +ou «Som 
^n poe Lor bene 
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_ oe SEE i 


In two stages, On mixing ethanol and sulphuric acid inr 
Volume, Ethyl Nm sulphate Is formed in cola 99 ly 


ам. ^ (aq) EN 
Ethyl hydrogen EC 3 
^^ 4795 М 7 


2 4(€ 4 (аа) 
` 


the reaction is regarded as the dehydration of ethano) b 
acid, because the over all change is the removaj of one do. 
e from ethanol. E 


gtc ae ^ oy ^N 


HPO, 7 
250°C 


CH, + H,O 


y YA 


of Ethyl chlor de: — ү. ethyl. chloride i 
nios "d: : e, it prox uces cthene. This 
natic ction | 1 which hydrogen Is 
orine from the other carbon atom. 


CH, = CH +KC1+ o 
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EA SŘ 


4. By Reduction of Ethne: — 
a Ni Ethyne o 
ditions using Ni as a catalyst, adds one ble hydrogenation Under lim; 
ecule of ydr er limiteg co 
Ogent form ethene. 


H-C=C-H Hy 
-Ni/2000 > НС 


(i) It isa colourless gas with sweet smell 


cs (ii) It produces anaesthesia on inhalation 
| . * 

» (iii) It is sparingly soluble in water 
ча alcohol and ether. 

aN 


Sy (iv) It is less denser than air. 


but soluble in Organic solvent just like 


À P 
"al DrODert: 


| Ca - 01 Carbon double bond:- The characteristic reactions of 
Lalkene ат + due to the presence of double bond . The double bond 
istsofa strong sigma bond and a weak n-bond, therefore reaction 

lve the breaking of n-bond. The typical reactions of the 


ore = 
= 


yc | m. 
Sc = C(+AB > - C- C- » Addition reaction 
A NA 
q А/В 


3 E: | j ch two molecules co 
lace. Areaction in whi reaction. 


ulc as product is called addition » ли 


strong ô bonds аге 
mbine to yield 


— n 
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r | " чш | E 


| In these reactions z-bond provides electron to thc reage 
| le SCekint electrons, These rengento art сапой clectrophitic "m Lut 
n 


hence the reaction is called electrophilic addition reaction ts, 
pe: A 


Addition Reactions: © — | 
(1) Addition of hydrogen (2) Addition of halogen (3) Additio 4 
ydrogen halides (4) Addition of sulphuric acid (5) Addition d 


ola seid. (6) Addition of water. 


<a 
e Y 


1-Addition of Ii, (Hydrogenation):- Ethene adds one molecule of 
hydrogen to form ethane in the presence of nickel catalyst. 


/ 


Ad 


ТУ o 
< CH, =4Сн, + Н, — а ,CH - CH, 
p 
р. thene reacts rapidly and completely with hydrogen at low 
perature and pressure in the presence of metal catalyst such as 
Лаіпит and palladium. For maximum catalytic effect, the 
obtained in a finely divided state. This is achieved for 
d palladium by reducing the metal oxide with hydrogen, 
An specially active form of Raney nickel is prepared from a 
huminium alloy; sodium hydroxide is added to dissolve the 
Y and nickel remains as black or nickel catalysts can be 
y rec metal salts with sodium hydroxide. 


E -Ethene adds one molecule of halogen and forms 


ineo of reactivity of the addition of halogens i 
ШЕ CT: and Br: add at room temperature where as iodine 


.Itajogen:: 
E Md 
Р Es 


1 1пе orde > 


ades: — Ethene, adds on | 
n ethane, the order of the react, molecule of hydrogen 
xample Cl and HBr react slowly than HI. ЧУУ is HT» HBr > AG, 


‘ pasci ЖУ 
, 
BN ЧА, 
M : 
b 


Ду Ra cH 
=й > Cl Chloro ethane 


Ко :2 Em i i 
S YA " „б ma ene reacts with cold conc: H,SO, (88%) and 
D E" / E gen suiphate. . 


о: H osqH 
| - , 3 М. tO 
important because ethyl hydrogen sulphate on boiling with 
Icohol. 


À 9 salous acid;—. Ethene adds hypohalous acid and forms 


e. 

né EMO | 

‘CH=CH. + Н 5 X—— AE T. 
e ра OH X 


| | | f 
онох), the OH” group is the negative ends © 
bx 139 
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йан 

Contai y ! i T: — Chloring 

аге ning HC} and HOCI, combines with cthene and forms a аач 
e aRg (chlorohydrin) and chloroethane. Ure 


| Cl; + НО + НСІ + НОСІ 


сн, =сн,+жнбсї= c iy H, 
OH | 


5. ô- 
CH, =CH, + Н-СЇ —>CH;-CH,C1 


6 — Reaction with. KMnO, :— When ethene is added in dilute and alkaline 
asm codi. zo, 


_ Solution of KMnO, , ethene is oxidized to ethane 1 — 2 diol (ethylene glycol) 
/ and purple colour of KMnO, is decolourized. 


Ф CH, 9 CH, + H,O + 10] ———= cH, — CH, 
д | | 
d From KMNO, OH OH 

| Ethylene glycol 


aggition q 


Water adds with ethene under the 


“o T . : : . . ; LJ . 
аус action of acid. It is reversible reaction because dehydration (loss of 
ater) is also acid catalyzed reaction. 


+ 
CH, + H,O = CH, — CH, or CH, GH. ~ OH 
| 


H OH 


D ага gas;- Ethene on treatment with sulphur 
iochloride forms mustard gas which is highly poisonous. It attacks 
eclally to skin. It was used in first World War, 


CH; - CH, - Cl 
| +S 
CH, - CH, - Cl 


, Ê’ -dichloro di-ethyl sulphide (Mustard gas) 


i Ethene 1 
Prosaürë in the OY 


erizes at 200*c and Ny 
to form polyethene. сыг ‘races of Oxygen 
PNG n c/H. жс олаг 
n n = ^н аа оңу - CH, Si 
| Ethene 


Polyethene 


Uses:— Ethylene or ethene is use 


- das anaestheti 
of mustard gas Cl (CH - * CH, ), 5, pl 


€ and in the 
astic etc. lt is also 


Manufacture 
used for ri 


Pening of 4 Tuits 
b 


[ISTRY OF ETHYNE (ACETYLENE) 


| TU. member of alkynes with molecu 
rated compound containing triple bond betwe 
$2 а j 


lar formula CH, It is un. 
as 1 ES E. H). 


en two carbon atoms У 
| № 
EA > d 


al gas upto 10%. It is commonly called as 


Tr is present їп oil gas and co 
cerylene. — 
d р e:— Each carbon atom in acetylene is EL 
icture of Elhyne: — — bond ) and to another roan 

E c lent bond (c а : 
atom by a à. Thus cach carbon uses sp! APA A жч 
b. orbital (р and p.) to form its pi — bonds (x — bond). 
4 р n Di y з 
- 6 ` | 


ОРАТ у Л 
РЕР Ее у A 


x Bonds | 
, po Wu? 
1 | } | 
| / ү 
PÁ 14 Е 


linear 
shown that E CA bond 
eae Co г ау angle 1з 180°. 


“A. 
C=C bond length is 1.20 
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Preparations of Ethyns:= i 

E ço 
Calcium carbide. ^ 

A Ca(OH), + GH, 
f ee a Y 
/, A Ww 
” | » Wea 
eN OH), + HC == CH 
A C=C + 2H, o ———> Ca(OH), 
e 7, / L | Ethyne 


o № 
кз dibrom y ethane:— Dibromoethane on boiling with alcoholic 
-17 ylene. 


„+ 2KOH Alcoholic | CH=CH + 2K8r + 2H,0 


i га ра C A Name 
. N SO A 

aringly soluble in water. E 394º. 

| a “© EC бейле, 


compression to a liqui bid because GF 
Ese unstable nature. | 


—— шше 


ug drozenati dela АНИ 
abou t200 iT and then to ethane. 
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[e Addition of Halogens: — Ethyne reacts w 
hCl a 
catalyst even in dark and forms ch} is nd Br, 
otar js slower as compared to ethene, 9ro and bromo Wt iin Tus rane 
rate !5 ton 


oe — À CH CH 


| 


CI CI 
| 


fi) CH=CH CLA AA.) 


E «LJ | | 
e Ta 


ethyne adds I, with difficulty but in the presence of ethanol, di—iodide is 


y é # 


drogen Halides:— Ethyne adds one or two molecules of 


А 


H Br 

VA 

CH=CH +HBr——* CH— CH 
x IE A 
e, | H / Bt 


ой d > 1.1- Dibromo come 


lace 
molecule of HBr to inj bromide, takes p 
hi. (944 states that the negative part of HBr 
(oid i contains the least number of hydrogen 


- uh hydrogen 
hl TUR gen е at room temperature, with hydrog 


* = ction with hydrochloric acid is very slow 
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1 (4) 7 ;— Ethyne adds НСМ in the presence of Cuper 
chloride and NH «Cl to form acrylonitrile (Vinyl cyanide). ощ 


1 HC = CH + Hon <%3Cla/NHCl. re CH 
| 


CN H 
Vinyl cyanide 


Acrylonitrile isused in the manufacture of polymers. 


(5) Addition of Water;— Ethyne reacts with water in presence of Merturi 
sulphate and sulphuric acid at 75°C to produce unstable intermediate vinyl 
(alcohol which on rearrangement forms ethanal (aldehyde). 


0 
Bu sica. но Hg SO, /H,SO, CH, = "à Rearrangement " se < 
759c OH : Йй 
Ethanal 
Intermediate 
vinyl alcohol 


E. (6) Cc mbustion с Ethyne:— The complete combustion of ethyne is ex- 
етап and releases 312 KJ/mole heat. Due to evolution of this high amount 


Р & the oxyacetylene Пате can attain a temperature upto 3000°C wh; 
| is used in gas weldings. P which 


2CO, + HO АН = —312 K J/mole 


hyne:— When ethyne is treated wi 


QU) Oxida th hot aqueous 
RMO two molecules of acid are formed. , 


ED. С?з, 
aC + Hio 0 км „со 
А? a” o da 9 Col | 
он OH 
| 


Oxalic acid 
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Wo: 


2L 


Len 


eaction or Acidility of Eth 


T e i— When ac " 
| BS nosubstitute isubstit еле is 
is monosu d, and disubstituted acetylign a Over heated sod; 
S are forme P Sodium. 
HC = “57 heat У == СМа se Nac 
в, no sodium „н À 
äcetylide » ERN y 
| “Cetylide À | 
“sr disodium acetylide is tr | 
Е є b cated with ай acid, acetylene is | 
NN "i 
NaC = CNa + 2НС — HC s CH +2NaC1 і 
y im W i 


hen acetylene is heated with AgNO 
cetylide or silver acetylide is formed. 


Te nrous chloride in Ammonia cuprous a 
/ 
CH == С 


$ 


ГА 
К Amm 
H + 2AgNO, Опа. Age = Cag + 2HNO, 


Silver acetylide 
(White solid) 


2CuCI, moma ус = С са + 2HCI 
Copper acetylide 


(Red solid) 


N A 
e rec ctions, acetylene shows acidic properties. 


"Acetylene is used for the preparation of oxyacetylene flame 
lemperature of 3000°C. It is also used in welding purposes. It is used 
aration of acetaldehyde, acetic acid and ethanol for the manufacture 


23у MO | 
& y i 


E rm hemistry 
vere claccified as either aliphatic or à 
re classified ds and were 


3 


m 
М 


was still developing, 
romatic. Aliphauc — 
so named becaus* 
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en chain or acyclic compoun 
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Of the fact that the first compounds of this class to be studied were 
(Greek : aliphos = fat). Besides aliphatic large TEN 
pounds were obtained from natural sources e.g. resins, balsams ang », ©, 
oils from plants, whose structures at that time were unknown but had on tie 
in common, a pleasant smell and were thus classified as aromatic (Greek. NN 
= pleasant smell). Caret jte these compounds showed hae 


majority of simple aromatic compounds co 


aliphatic hydrocarhans ава ner Ms 
at —— six carbon atoms. It-was. also discovered that when these com Ss. 


jected to various treatment they often yielded benzene poa 
t Faves e m aromatic compounds EN 
em lar formula was found to be C,H,. Benzene Mas first ; solas 


Faraday in 1825 and was found to be onc of the constituents of f coal ts, , 
y 


a mann in 1845, Coal tar and petroleum are the two main sources of Ора; i 


benzene and its derivative on in mmercial scale, 


trc action of benzene (Isolation) 
i Benzenc Is | prepared by different methods as under: 
Pro Pe oleum -hexane) (Hydro orming proçess):- 
„n-hexane оп heating 24480 550° апа undcr pressure offi: 
jounds pe: ser square Inefjand in presence of catalyst such as oxide 
йш vic de pum anadimmforms benzene. | 
This 1 icthod is bascd on chydrogenation, gydi lisation | and 


ШЕ I 


7 CH, 
АФ». / \ 
eoi 480-550°C/V20s "em T > 
EL-CH, A „6 a КАЙ 
E oN. \ / 
CH, 


Cyclahexane 
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с 
CH,-(CH),-CH, somo д 
n-heptane 150-300 Pat y С t cum 


AS bal ү hydrog | 
presence 0; -moiy TA nume Zen 2 
А m talyse, Es x & 


beri py 


Heated in absence of y 


Coal lar (OK y E ж 
. Жий" 


Ta e ted 
- o 
ше дий нү 2 ас жа 


:- Acetylenc on 


147 


Medicos Hub 


“e 
à 
:: When vapours о henoljare passed Over/re dii 


nc dust then it is converted intojbenzene As removal of oxygen (aj 
place from phenol hence such process is called/reduction of Rheng) 


OH 
| 


аы red hot @ -HZno 


(dust) 
Phenol Benzene 


From sodiur enzoate;- f Sodium benzoate/on heating 
fsodium hydroxide formslbenzencJin this process removal of e 
«cs place hence it is called decarboxylation) 


COONa 


é ' 
| +мабн—'®,[2 +Na¿CO, 


| Sodium benzoale Benzene 


SS -LEroperties of Benzene:— Benzene is a kolourless liquid havin 
ар 5806р. 80°C vith peculiar smell] It ishhighly аптар as атотай 
сот JDURds cont in more carbon and less hydrogen. Benzene burns with: 
E 10h ldme as it or taing 93.6% carbon Jit isfimmiscible in wateg It is howéya 
T ar | and/ether jn. dissolves fats, resins, sulphur, iodine jete. ftis 
andhe uses blood cancer) It is used for f 
J drugs./ 


Ea | 


the manufactureyol 


-— “Chemical analysis and molecular weight def 
lecular formula of benzene iC HL. The correspond 
808 the molecules formula Н, | This benzene is 
bydrocarbon/ nd because of this we might expect th 
КАБ Other unsaturated hydrocarbons which undergo Badr 


ZENE is treated w 
о тутт MER Ted VM WT 
reactir 


al in dark or with aqueou 
| here as unsaturated aliphã 
th these reagents but under differen 

action. Substitution reaction is ЇЇ 


Medicos Hub 


EL 

ance, benzene will react with b 

“4 е -= C TOmine i E 

Шә”, The product Obtained is in Presence oft e a 
gen atom has been replace d or «LO mobenzen. (С acid 


be 
Substituted by eB) in 
© atom, 
FeBr, 
C.H, Br * HBr (Observed) 


Ew coa. ү, 
| 2 > хз» CH, Br, «C H Br (Not observed) \ 


goes chlorination nitrati W 
nation, On, súl- | 

¿20, H) and toluene | 

Á 


C, H,CI + НС 


4 
E O E sn Ln e Llar 

H S 4 = em 2 >) 45 
— + C,H,NO, + H,O е. À е | | 


| subs По E 

| 1 | je ac Hon, 

-H SO, —— GH,SO,H + HO 

: Ee. | 
wa «€ 


_ Al, È 
CH EH + HO 
ы catalyst нен 


Y 2: 3 Aa 2. ted addition 
imti ts rather than the expect 
oe proba тц d'hydrocarbonin spite of the fact 


aturated compound. 

le explanations for such журе The 
+ ative and the second 15! 
is reactive and the sec rgo 
Er any one of them results 1n the 5 
ў "X — 


ee we 
| Medicos Hub 


The second explanation appears to be more acceptable and as We wi 


D 
learn to be the correct one. му, 


To explain such unusual behaviour of benzene several Structures 
proposed. Kekule in 1865 proposed a ring structure (1) for benzene "tt 


alternate carbon— carbon double bonds. With 
H 
| 
С 
H— C RS —H 
— —H 
| 
H 


According to Kekule, formula of benzene should givefaddition products The 
structure of benzene is equally represented by structures I and П and that thes 
structures are equivalent and can result by shifting of double bond. 


Q 
Y 


uw LO СӘ 


m Structure would amount to a structure some what similar to III above. 
twould appear that the doubl 


Мы e bond is net fixed and that all C — iti 
have gpartial double bond character hor C polio 


q | é structure and bonding in benzene ring was debated for about 30 years. 
One objection to Kekule formula was that it would give two disubstituted 


ubstituents are on adjacent carbons) 


X 
"TP +, 
6 2 
х 3 


< ь 
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-— ™ 


substituents (X and Y) ar 
e substituents are on ca bon ni 

2 e mado oa Ra dies Sta double og te bon 

nzene were Rape БЕ Cd his tha *plain 

о а ааа 521 obran d due io тоу а 

~ : == ) 

p cart is results in oscillation of double ands ms anda doa nd on, 


bons co, 


b 
= = Es Boro DENIM 
A lay яо | 
О EN | 
|| | 
> i 
q "A | ya 
М vil Vill $ 
14 Д lo ond А { in Cope 


/ he suggestion of Ar =f чоя M» 
Following the su Ion ol Armstrong in 1887, Bayer in 1892 
sng — Bayer centric formula VIII in which proposed the 


| the fourth valence of eac 
(aon is directed towards the centre. This, however, did not find much poo 


E [HE MOLECULAR ORBITAL TREATMENT OF BENZENE ҮР * 


| | 


с; > act that benzene molecule is with all the six 
3 n atoms lying i in the plane of the ring and that the bond angles of the 


A ош» (C—C—C) in the ring and carbon — carbon = hydrogen 
22 atoms are all, Strongly indicates that each carbon atom forms 
dor Би: 1 by mixing of 2s and two 2p orbitals which are calledispJhybrid 
Thesp’ orbitals of adjacent carbon atoms overlap with each other 


sp йр form sigma bonds. 


| d with 1s 
| electron п геле} carbon atom forms another sigma PA е 
m 5). Like this there arejtwe sa rem ame The 
Рета 

ни bétween carbon ап es The 
ien atoi Or ss. and Six rbon atom in the form of lob je 
2p! remains with the ca > orbital, The 

nt carbon atoms are shared ae ak one ба 60 
асе е ес 

ИВЕ ere аге six 2р! 
ille] to each other. Th 
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orbitals on each carbon atoms | 
trons OF ate 
venti > ea n — ye and pa arallel ERA giner as shown i w 
pendicular to the p 
7.7 (a). 


The clectrons in these p — — orbitals can be paired in two ways (as oy 


: 
the carbon — carbon bond lengths are al[1.3994) 
figure 7. 7 b.c) and since and, therefore, all the six can be mt т 


orbit 1 оуепарѕ its neighbour equally a 
as Dirming a ЖЕ" orbital (M О) embracing all the six carbon atom. 
7 


as Shown i in fi fi 7d Pm 
= The molecular orbi 


Be sentation of benzene as shown in figure ү? E а and d are useful jo; 
tanding the high stability of the benzene ring but inconvenient for norm; 
as ин mbols are at present commonly used to represent the benzen 


ese are: (1) A regular hexagonal with an inscribed circle and (2)A 
agonal ona ith lena single and double bonds. These are shown in Figure 


е. N b. b ATEM 


q pelos 
C qe Э) | e 
he first L ful to describe the] 


7 бет; а econd whi ich is 15 St ekule structure rf 


principal reac ions of benzene ee: 


11 
ibstitution Reactions: — If we look again al the figure | 
e that there is a cloud of x — electrons above and below 


Medicos Hub чар 
: UE — electrons iai are res 
реп bat enzene, In these o 
p" D - - attack: 
a р! um ion or a o —complex, Th 


€ electrophi carbocation 


of the p,—system to form а o~ bond tt me c taking 
electrons This breaks the cyclic System of as 
e benzene ring. 


p (Pi) electrons Sabon E 

um ion is formed, One .carbon the carbOfr-thar is attacked be on 
n erophile) becomes|sp” — hybridized This Causes instability a 
"instability the arenium jon le 


esa an 

Deo file as shown below in $tep (D) aati (2), The loss o; proto eeu t 

AA tion of изе double bond whic A nthe 
tation of the substitution product. 


A 


Wa 


> + 
— + Е 
H E H E H E 


Arenium lon 
Of c - complex. 


ep | Attack by electrophile and formation of c - Complex, 


Sp, hybridized —— 


| Loss of proton, formation of substitution Product. 
Y 


» 


H | 
4 E Fig. 7.9 X 
q «p е E — чү following: 


— € 


à s 
a 


E 
d. 


ui 1 and acylation by Friedel-Crafts rcaction iam 
Б, Mis Monum since the substitution products they 
tons are import 


ds. 
ы йыз. nic compoun 
raw materials for a multitude of orga - 


ЧЕНЕ, Medicos Hub . . 


— Inthe presence of Lewis acid, 

benzene reacts with bromine and chlorine to yield bromoben,, ly, 
chlorobenzene. Iodination docs not give good yield and Muorination ; ‘nd 
vigorous to control. " 


FeCl, CI 
анс ~ Ө! a 


Chlorobenzene (90%) 


$ | "Fe Br, Br 
р + HBr 


Bromobenzene (759) 


TT catalyst is to provide an. electrophile A 
É positiva 


:Brt 
| 


.. 7 .. .. + 
¿Br — Fe — Br: | + bp 


ы оне e or (с) 


р га 
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— Í i i é O) in the Ee be 
tion of the alkyl group (R -) and acyl group (Е - C = 0). h as AICI et -e Šen 
erally achieved with the help of Lewis acid catalysts suc 3: The tea, s 
is known as Friedel — Crafts reaction after a French chemist, Friedel an д his 
American collaborator, Craft. 


Alkylation of benzene is affected by alkyl halide using AICI, as Lewis aç 


Cids, 


e mechanism of thé reaction.using isopropyl chloride-as the alkyl hali de i 
illustrated below: 


C af S alkylation and acylation 


"T y 
A jain. is der by using a suitable pn halide in 


(AICI x) for example; — 


22“ 2С — CH, 
E + НСІ 
- Acetophenone 
97% 


Ko 


"P" m Medicos Hub -чЧ 


agision Reaction of Benzene;— Under ri ga 
on reaction like ced T rigorous Conditions benzene un 


| enation and halo i 

ue > пеар enat: 

21505 atic character of the ring is lost and benzene is oa both cases 
m “ Successive} 

y to 


B 7 the n saturated and saturated cyclic compounds. 
YE Q 
Athigh temperature (150°C), 10 atm. pressure and in presen 


penzene yields опеке. 


ce of Ni catalyst 


4 H H 
be Pai 
PA Si Mi, 1509, 10 be a 
ПС ! Ән Bam, or ^Y Cu 
/J NX. at (ZH 
Ү | HER 


A | ^. 
Q — .Flg.7.16 Hydrogenation of benzene Cc Hig 


hloro С; ohexane :— Under suitable conditions 
chlorine to give addition product — Hexa сце? 


БЕ soia С! Ci 
E H H (C,H, Cl) 
— 400 atm Cl С! 
С! 
Flg. 7.17 


ation of Ben ne: Benzene is not affected by common oxidizing 
nt such as KMnO, or K,Cr, O;. It however, forms an ozonide with ozone 
v WE oxidized to maleic anhydride under proper conditions. 


| d à CH = о 
| 7 


zn 
Ozonlde —4—T 3 
CH=0 


1 pg 
E É 
A 4 


y | О 


= ee - 
: \ p O + 4H,0 +4C0, 


-——— CRT LE 
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: . f | te Benzen., 


c (C,H,-0) undergocs electro 
When monosubstituted Meo on the ring affects both (ү Phi rin к; 


bin: у eei e attack. The numbering of the ring of AN of 
zone is shown below: 


Ortho positions: 2,6 
Para positions 4. 
Meta - positions, 3,5 


отр =. Substituent group can be Classifica 
nto ro main groups u€—7 ie their influence on the reactivity of the tin 
oups that cause the ring to be more reactive than benzene, are terme 
achvating groups. Those groups that make the ring less reactive are calle 


^ a Directors: — The substituent C, also in. 
s the position where the second substituent Or the i Incoming 
vill attack the ring. Some substituents direct the attack at ortho (Position 


EM 


sition 4) sites on the ring. These groups are called ortho-paz 


n nd to la the second substituent to meta ~ position 
ca alled аль апра 


X groups three different > eed with read to whether кч are | 
im ALA js are у: directing or meli- 
a | (2 к 
10. 59 : sting and activating. 


secs ing and deactivating. 
pude | 


ing and дену; ting Groups: The following gro 
| gan nd direct the next incoming substituent to ortho? 


E — : OH 
NHCOR (i.e amino, alkylamino and amide). 


BLA, 


are moderate de — activating grou 
ara ition. 


T 22 


E. Tes ant e ones), 


УЯ The knd 
atic rings and the Ranke of "M ni ilg E “Beton Teac. 
provides a chemist a very Powerful toc; ead; Present on the г; ing 
С Ке derivatives. Part of the ап of synthesis lies ing «2c ааты nu umber 

"tions should bc carried ош. $; Ipp: wir eMe Mie 


hs ds se 4 M + if cer ; yn 


arting from toluene. We will follow the. follo in е: Иси * 


* 
‹ 1 


x Mtf 
О /Oxidation H.SO Nu 
| E 2 o NES 
Toluene i Genzoic acid m-Nitressezsid А Р V 


Wu 

Fig. 7.20 Preparation of benzene derivative 
\ a 

wis. h to make ortho or para— nitrobenzoic acid, w we Will simply revetse 

"reaction; “a 


-KMnO, _ 
OH OHTHO? 
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— E os 


| piethyl Acetylene 


ES ^ promo — 4 — methyl — 3 Ева 
"E 3 dimethyl —1-—butyne 
1 — chloro —2— methyl — 2 ERA 


‘al 3—ethyl — ]—heptyne 


(2 Derive the structure of all j 
m by the LU.P.A.C. syste me ш of pentane (СЫҢ, ,) and nam 
3 e 


é vie the structural formula 
ymeric pentynes and name them m d. Me. hex 
system. 


à $: structures for the following simple organic 1 
molecules 


3 


anes and three 


q Write € 
(iyAcetone 
епу! magnesium bromide 


i) ilver acetylide 


£ alkyl halide would yield each of the followi al 
нус? E oder by strong base. ng pure alkenes upon 


(a) 1— pentene, (b) 2—pentene. 
E — methyl — —1—butene. (d) 2 —methyl -2—butene 
e) 1—butene 

ib ES ple ch 
n alk ene and an alkane 
а alkene and an alkyne 
alkane an an alkyl — halide 


emical tests that would distinguish between: 


капе т aybe obtained by the reduction б 


bromo propane 
; — butyl bromide 


opropyl bromide 161 
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8. Wri 
. te g A 
on: “quations for the formation of hydrocarbon by the action of N 


Pena 
vi) Ethyl chloride 
(ii) 2— ото ае 
(iii) Methyl iodide 

3. A hydrocarbon, C, H, absorbs two moles of hydrogen in the Presenigg |. 

Platinum as a catalyst. The reduction product is inert towards bromine o 


Potassium permanganate. Draw possible structures for CH. Whar 
information is necessary in order to establish the identity of the hydroc 


ang 
fur the; 


10. What are the principal sources of benzene and its homologues? 


e = 
# y it Draw the structures of the following compounds: 


| @ Benzene (iv) Nitrobenzene 
Gif Toluene (v) P— bromobenzoic acid 


hyl benzene (vi) О — dichlorobenzene 


*(8) What do you understand by the term “Aromaticity" and how will you 
xplain the stability of benzene molecule? 


) Dra resonance structures for benzene. 
3. What would be the э. oc ee (or products) formed when 
ich OF the following compounds react with chlorine in presence of ferric 


uu 


76 


benzene, С, H,CH,CH, 


oror Ру} benzene. CH, CF, 


ou prepare the following: 
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es aod ia A de be derived from al nes by replacing a 
; R-X, where R represents an alkyl o... Neal formula ig Ca H;, 1X or 
| “a ve an alkyl group and X, any halogen atom like 


sa Ҹа 


«e 
CLASSIFICATION OF ALKYL HALIDES 


КР — 


kyl h ides г re classified as primary (19) Secondary (2°) and Tertiary (3°), 
ig On the kind of carbon atom that bears the halogen (x) atom. 


Secondary Tertiary 
R Сп R Carbon 
7 
RE —X Kee 1 is 
| Secondary (29) Tertiary (3°) 
© alkyl halide alkyl halide 
| e.g. 2-chloropropane | e.g 2-chloro-2-methyl 
5 7 or propane 
eme. é | or + 
| -— "n OT е, TY а > : 
Cp: 29 hig + AY Ter-butyl chloride 
CH zi CH, 
ET | A 
CH, cn „с—с— 
а CH, 
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К i ee names of alkyl halides are obtained by first writing the na : 
the hats Р to which the halogen (x) is attached and then writing the г Ùe 
halid € ton (Chloride, bromide or iodide). For secondary and tertiary дү 

des, prefix Sec- and Ter- are respectively used. Y аку 


According tothe LU.P.A.C. system, these compounds are nam 

e substituents are indicated by numbers of-the carbon Hi Ж. 
which they arc attached añd the halogen bearing carbon is Biven the les Ў 
possible number, For example: буу: 


Structural formula Common пате 


Hu) CH,CH,Be o 


LU.P.A.C name 


Chioremethane 


Bromocthane (1°) 


|1зоргору1 bromide 
TED or 
secondary propyl 
bromide 


2-bronio propanc(2') 


]-Iodobulane (1º) 


2-<hlorobulane(2” 


2-bromo-2-methy!- 


y 


| ргарапе 


«di 


= 


Medicos Hub ES Hg. vus адь 


(1) Era Alsohols:= The ~OH Broup of alcohols 


atom, by the reaction of alcohols 
| PLU us like PCI,» PBr, , PCI 


(y CH,-CH,-OH + HBr а re pen, CH, -Br + 


(R-OH) can be replaced 


1015 with halo : 
» SOC, ( thionyl chloride) ete (HX) or with 


"Zl 


H 

Pá Ethyl bromide à 
*H,-CH,-CH,-OH + soc, Prridime_ 3,2 71 

BN E CH,-CH -CH, 61 + SO + uic 
Primary Propyl Propyl chloride 

alcohol or 

еа ]-chloropropane 

CH, CH 


| E 


jCH— C — OH +Hci — CH, —C—CI + H,O 


INE | T1. | 


de 


d CH, CH, 
EY butyl Ter-buty! chloride 
d 2 -alco hol 


c 


)E om Alkenesi= Alkenes react with halogen acids(HX)to give an alkyl 


1 a MEN 
нина —— масаи 
pene Y = 
aan 
`~ 06 ) VA | f 
kanes- Alkyl halides can also be obtained by hal 


= 
»- 


ogenation of 


RX + HX 


CH,CI + HC! 
: 165 
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83 REACTIONS 


Alkyl halides are highly reactive compounds and show a variety of react; 
however, only the following two types of reactions will be discussed here. Ong, 
(i) Nucleophilic Substitution Reactions ( 5 reactions) 
(ii) Formation of Grignard Reagent and its applications. 
(iii) Elimination Reactions: 
(i) Nu ilic Subst (Sn reaction: where 5 Stands fo 
Substitution and N for Nucleophilic). 


In these reactions a nucleophilic (Nu) an electronegative ion su 


Dstitutes 
the halogen atom of the alkyl halide: 


H 4 
slat ó- | 
И ИУ Uo i — R — C —Nu +. Xx 
¿e | | | Leaving N i 
¢ н н рк 
ttacking Substrate Leaving group 
cleophile _ 
i | 
H, CN, NH,, NH,, EC -0 etc. 


y of the alkybhalides is due to the polarity of C-X bond. Since 
is more electronegative than carbon atom, it develops a small 

Ley it wil: be electrophilic in nature and can accept a pair of 
eleophilicreagent (Nu”) to form a new carbon - nucleophile 

talide i d Da with the electron pair of the Carbon-halogen 

КЕС 7 (л. 
alled an attacking nu cleophile, the alkyl halide — 
alide ion, which is also a nucleophile) 


2. : be 
s of organic compounds can 


" Xm AA = 
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ROH Alcohols 
ROR Ethers 
RSH Thioalcohols or Mercaptans 
RCN Cyanides or Nitriles 
RNE, Primary amines 
RNH, Primary amines 
1 
R-C—OR Esters 


"Tab. ffective nucleophile i ili 
To be an e | phie in a nucleophilic substituti i 
ucleophile should be a stronger base than i Mis eon ec 


i 
) 


weaker base Cl”, but the reverse i 
nucleophiles that are stronger bases 


| A ү” 


Е | Table 8.1 Some Nucleophiles that can displace X from RX 


Typical Reagent 
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сє Al >” , 
s | 
8.4 ; ——n 
RE MECHANISM OF NUCLEOPHILIC SUBSTITUTION 
ACTIONS 
m The nucleophilic substitution reactions may proceed. by two differe, 
echanisms and are accordingly classified as: Ord of м 
foc + A! A 
(1) SN? Reaction (1t occurs in one step) \ ect ( b. 
LUN ez C i4 УЕ "^ 
(2) SN' Reaction (It.occurs in two steps) C Hz “A mo. РА là 


(1) Mechanism of SN? Reaction:- In SN? reaction, thé formation of the 
carbon nucleophile bond and the cleavage of the carbon-halogen bond oem 
Simultaneously. Since the nucleophile enters as the halide leaves, it attacks th, 


carbon from the side opposite to that from which the halide is leaving; 


x H P е PA 
No m y Ш, —— MEX PA CAT + 
| | 
M^ 
( y w^ Transition state 
| SP q (Dotted lines indicate bonds that 
| N are being formed and broken simultaneously) 


ie-bond making and bond breaking processes occur imultaneoutly, it 
1e "Rate determining or Slow Step" oft e reaction, i.e it determines the 
the reaction. Such a reaction in which two molecules participate 
ttermining step is called a bimolecular reaction. This mechanism і; 
ech ings 1, which stands for substitution Nucleophille 
Ihe transition state drawing (shown above) is an illustration to 


- 
y | 


M | 
- FT Ae 


c = PE 
IN reaction depends on the concentrations of both the 
1") and the alk halide (RX). 


NN 'reaction occurs in two steps. In the 
give a positively charged ion (Species 
own as carbonium ion) and a helide 


Medicos Hub 
Ld the attackin : 
ia pe second step t king nucleophile г | 
Ea Gate e) сш ЧӨ е көгө, 


Slow * 
px mn ^ + X (First Step) 


(Carbonium ion) 


Fast 
RN (emas (у 


À firststepisslowand hence rate determini 
The | L- H ning 

eof formation of the product wili depend on the first step and since ; 

one molecule participates, it is said to be unimolecular. Pb 


this ИР is known as SN' mechanism, where 1 stands for unimolecular. The А 


- Therefore in Such reactions 


ne. SN! reaction depends only on the i 

"e of an SN' reaction yo concentration of the subst 

пи is independ nt of the concentration of attacking nucleophile. rate (RX) 
e ^ Yo [Rx] 


rn 
| ne stability of the various types of carbonium ions which may bc formed 
„ring SN! reaction is as under: e 
A s lado; by { x | 
+ 


RÉ SE nai (Dy ec > cui 


чын (3°) . Secondary (2°) Primary(1°) Methyl radical 


P. Stability decreases 
yl hz ides, therefore, generally react by SN! mechanism and ў? alkyl i 
2mechanism, 2° alkyl halides may react by SN!orSN? mechanism 
the nature of solvent in which the reaction is carried out. Polar 


nization, so they favour SN ' mechanism, whereas non — polar 


ourSN? mechanism. 


y (REX pax ROX CHM 
NS 49 2° "n 
MÁS | 
| shi Mixed SN? SN 
SN! and SN 169: 
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F orm 
Meta]; Of Grignard’ R ts;- Alkyl halides react with 
in anhydrous ether з Keagen 


to give alkyl magnesium balides or Grignard’, rain 
————-—-—_—— — Etny: 
= 


| СТ + Мр — ANA Methyl Magnesium Тобе 
P Nu ‚%_ E 


Reacuons of Grignard reagent are explained on the basis that Carbon. 
agnesium bond is polarized due to the electrophilic nature of the metal, 


i As 
Fesult the carbon atom bonded to magnesium bears a partial negative Charge à 
ó 9 
R-Mg-X 


and hence behaves as a nucleophile, i.e. it will react with ele 
reagents to make new bond, This makes Grig 


ctrophilic 
nard Reagents as one of the 


prepare avariety of Organic 
Pounds. Some reactions and important a 


Pplications of Grignard 
E. of Grignard' 


S reagent (Formation of alkanc):- 
reagent on hydrolysis gives alkane. 


Se +4 po 4, oS X 
m +H- OH— — ÀR-H«Mg/ 


\он 
G Waler Alkane 


«4 / cus? 64 -5 
Mg- +H-OH 
y Waler 


4 


Alcohol reacts 


H+mo/OR'º 
Alkane pae 


Ts ae 
М pue 7 O A 


-584+8 
O 

тее, Сна + M 
Methyl alcoho} 


+CH, 

g (os 
Cl 
Ethane 


A yit) ammo 
E 0n a 3 ka * 

ANN чый тоа, wih Grignard's жон 
+6 = : 
Mg *H-NH NH 


"CH; - CH, - CH, 
st + NH4 —— — —23ÀCHgs - CH, -CH, + Mg/ a 
Br : \ 
Propane Br 


s 
р y 


leac don w 1amine (Formation of alkane iz Grignard's reagent 


o" n 


Wil anm. e and thus forms alkane. 


/NHa 
“i+ CH, = NH, m) СИ» F CH; 5 Mg y 
n- Methylamine Eae 

a wn) et m 
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fo iz Alk 
med by гсаЧоп of alkyl halide with Grignard's reagent, Nc Are 


R-M$- x4R- X—— ——9R- R-* Mg x, 


І Alkanc 
For example: 
Cable - Mg - Cl + CH4CI ———— —3 CH; - CH; + Mgci, 
thy! magnesium uam . A Propane 
65, de 


n r 11 
Grignard's reagent reacts with carbon dioxide and forms additi: 
product which on hydrolysis in acidic medium gives carboxylic ac 


O +5 -ő 
I! E -OH 
RE X109 Cui —— —R-C-OMX—- DR C- OH «yg 
Dil HCl 
& Carboxylic acid 
For example:- 
O d cs O 
ll - + H-OH il OH 
$0 = Cc 0— — 3H; C- ÓMgI — gr CH; - C- OH eg 
Carbon dioxide Acetic Acid | 
| e va 
B , ü | 


m 


we 


- Liormaicenva Formatic Di primary alcohol). 
E 
de a ale a reacts with Grignard's reagent followed by hydrolysis 


. іп acidic medium and thus gives im (1*) alcohol . 
| "o k j 
S e. f Ole зао c-onee( 
H 
Primary alcoho! 
nti ort i 


CH, - CH,OH + vel, 
Ethyl alcohol 
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$ 1 — “б DS 
4 "a б 
| oí aec. than formaldehyde Ty acide E “SABent reacts wi with 
К other | um and thus fo aldehyde 
i4, alcoho!- р Secondary 
^h 
-ð 7-8 +6 = 
NH у +R - Mg -TX———ÀÓR- C-0M lito | 
4 poros ple: Scealcono} 
rit CH 
4 w À : 
a DS 207 «CIi- M-CI — cn, т -OMgCi—9 CH,- : -0H4 ман 
dy : н н 
Acetaldchy c Isopropyl alcohol 


$ и D1):- K 
TII Grignard’ 8 memos in acidic edit al testar E 
Hy | И | i | i OH 
R'-Mg"-X«R- NE ¿RÉ——R- O nig tart y C- OH + Mgt 
M04 R R i 
Kctone Tertiary alechol 
©, CH, CH,” 


.4. Wén BV ML. 


| 
ay 30! — th,- с - giu. C OH, 
| CH, dii, E: | 
Ter: bulyl alcohol 
reac- 
n Reactions:- Elimination reactions are Mesa 


acent 
vi the ban of two atoms or group” im 


| п du bond. 
s of the molecule to form a multiple 173 
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| of. hag ren alkyl halide is heated with alcoholic potas} 
с.р, ethyl “ld (HX) is climinated to form alkene (dchydro}, 


Chloride gives cthene. 


sear 
CH, 


‘ 


= CH,Cl + КОН —— CH, = CH, + KCI 4. 


H 
Exp] - Alcoholic Ethene di 

Anation:- Consider an alkyl halide having two or more 
Carbon atoms. 


i The carbon atom bonded to the halogen atom E My 
S Called а; carbon and the carbon atom adjacent to &Carbon a 
Is some time called as B-carbon atom and so on as Shown below” 


үсүн EZ д 
NGS 0=x TO A 
1 | | | 
H Ó M Ын н 


e B-hydro fen 
T» The hydrogen atom attached to -carbon is called D -hydroge, 
Is slightly acidic in nature due to high electronegativity of heloge, 
atom when a base is allowed to react with alkyl halide containing p. 
hydrogen . The elimination reaction can proceed as: 
| өс, 
=> nt Г 
= 
X A * Nm na Jn - С = E^ H+HB+x- 
H H H 
de | Alkene 
he attack of base (nucleophilo) (i) removal of f. 
'emoval of halogen atom as halide ion (X=) and (i) 
ubic bond between a-carbon and В -carbon takes 


sin which two atoms or groups are removed from 


van ө}. halide are called fj-eliminationor 


AMINATION REACTION: 
and Ingold (1941), the E ipee 
I strong base occurs by two me 


ge 


Medicos Hub 
/ = че TO 


(n ynimolecular climinaion (Es) reaction 


[ pis Elimination reactions oni- 


in whi E 

attacking nucleophile or base such trate (alkyl 

ing step are called bimolecular elimination мыч inra 
Reactions of primary alkyl halides are A. 

which occur through transition state. erally E; ECactions 


H 


€ dete 
od: Tmin- 


/ 

н Uu QA 
Primary alkyl halide ` A À 
н À RA Є m 

tis onc step reaction and therefore, is a rat _ ч, ӧл 
tis g law of mass action, we can write 3 P a 
| Rate of reaction- K[R- CH, - Сн,х[он- 
pecific rate constant and [ ] denotes the concen 
/dm?. 

- ¡Such reations in which rate of reation depends on the 


| nc ntration of two molecules are called bimolecular elimination or A 
е2 Cio S. 

UNIMOLECULAR ELIMINATION (Ex) REACTION. 

_ Elimination reactions in which only substrate is involved intrate 
ermining step are called Untmolecular elimination or E, reactions. 


ctions of tertiary alkyl halides are E; reactions which occur in two 


| where К is the 
traion of species in 


St £ Г -Formation of carbonium ion:- In this step the tertiary 
alide fonises slowly and reversibly to give carbonium ion (К) 
lide ion (X). | 


| = Slow | ^ / EXC 
TE SC С 
CH; - E. AC ACH 
an qerttary carbonlum 10° 
“Tertiary alkyl halide | » 


Medicos Hub | 


€ i Lm 


с I - ormation c ns = In 
the attacking base OH”) removes a proton (H*) from the nit te, 
atom with the simultaneous formation of double bong between 

a 


and fi-carbon (alkene). This їз a fast reaction, 
H сн, H OH, 


\ 
C= ù 
Da ПУ SAR 
| н Pl 


Alkene 
+ | The first step is slow and therefore, is rate determinin 


p.i > дё тч Езер, (у 
applying law of mass action, we can write. 
PON -R=K[(CH,),C- x] 


/ As the rate of reaction depends on the concentration of only on 
| molecule le substrate hence it is unimolecular elimination i 


4 


reaction. 


^ secon: 
3 


des give both E, and E, reactions but that depeng 
of solvent. For E, reaction the solvent should be non. 
E, reaction requires polar solvent. 


ASSIGNMENT 
e of each of the following compounds: 
+ C AN 
) 1—chloro—2—methyipentane 
nylbutane (d) 1-iodo-4-methylheptane 
hloro— 2 —methylb utane (f)Ter-butyliodide 
ie following by LU.P.A.C. system: 
A V PE е p e 


ш x P 
= -— | 
а, 
í 


A 
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өй the following alkyl halides as 1%, 29 yy 30, 


"^ 


E 1 
| euan OCH CH Cbr (9) cH, bn c 


cs the qa of the isomeric alkyl halides with molecular forma. 
TTD» 


$ 3 Le Ре ЭЧ 
y (9 SN Reactions (ü) SN’ Reactions 
e Give equations for fhe following reactions: 
(a) 2- iodohexane with sodium methoxide 
La ‘blo: obu itane with sodium ethpxide 
A (9 Ter-b } hloride with sodium cyanide 
| ; по] оран with potassium hydrogen sulphide 
Ж onesium iodide with formaldehyde 
эру! magnesium bromide with water 


2) Methyl magnesium iodide with carbondioxide 
th) 1- 3 К butane and magnesium in presence of anhydrons ether, 


line reaction mechanism for the following reactions: 
^ E tion t etween bromomethane and NaOH 
"action between 2- chloro-2-methylpropane and NaCN. 


wing compounds by 1. U.P.A.C. system: 


* CE Кё, 7 Gi (CH, HCC | 
Eo 
Р n oxpocted from te 
M fis chief organic product 
tructure e and name 0 OH? 171 
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CHAPTER 9 


CARBON COMPOUNDS WITH 
OXYGEN CONTAINING 
FUNCTIONAL GROUPS 


y 


A list of compounds with oxygen containing functional groups is as under: 


d Alcohols 
| a Phendis | Hydroxyl group (- OH) po "T 
| | _@) Ethers (R-O-R) ( ў N^ р 
3 Qu e ( t On] 
| ete | о) 
CS: 
\ Ketones h C =0) 
> 
pu (R-COOH) and 
e ea -COO-R) A 
Inthis fication and nomenclature of each of the above 
of compounds cy with uses of typical members. 
9.1 ALCOHOL 
Aliphatic nds cont i ng hydroxyl group (-OH) attached toa 
atomare called alcohols. They e cla sified according to the number of hy 


dhydric alcohols contain one hy 


Medicos Hub m 
E | 

r > - Q ") н, 0 

group; dihydric (two OH”), tribydric (three op- *1 0H 


н a 
led Polyhydric alcohols: "ain four x 
Monohydric alcohols: CH,OH 


' C,H,OH 
Methyl alcohol Ethyl alcohol 


PORRES: HO-CH,-CH.-oH. no c. 
4 .. 12 ethan dio 13 pier ee Pet 


OH- 


l'rihydric alcool з. OCH, сн сн, он 


| OH 


' Sf gcn 


OH OH 
1.2.3-butan trio] 


iric alcohols form a homologous series with the general for- 
ЭН or simply ROH. They are further classified into primary (1) 
dary (2°) alcohol or tertiary (3) alcohol, depending on whether 
group is attached to a primary, secondary or a tertiary carbo- atom. 


h C Th A шт о. р. 

d | 
: CH, С — 0н! | CH, —CH,—1C — OH! 

C a 

| uo D 4 LAINE 

| Ethyl alcohol n-propyl alcohol 
CH, CH, 

f -LE----4 varie а A 
y CH, + C—OH! i CH,—-CH,—C—OH' 
Bre d i | 

1H 1 2d ms "Ж. M emm 


ч ) "9 Sec. propyl alcohol 


E" 27 (011 PHIL 


179 
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It will be observed from the above examples that characteristic gr “р, 
primary alcohols is -CH,OH, that of secondary alcohols is M 
that of tertiary alcohols is 3c—oH. Order oC Pachi 


ЕЛЕР Ch ead, 


lo 


Tee Ho ~~ > Se (о, 


nud 


T 
E np 


homm Tos 
ames, Та seam Ry ca H are named after the alle group d while ch 
i =" sec-or ter- is added before the name of the 


Following rules are observed while giving LU.p AQ 


(es 
names to alcohols: 
X (i) The longest carbon chain containing the hydroxyl CP is chosen as 
$ ~~ the parent alkane. 


A» IR Position of side chains and hydroxyl group are indicated by number | 

% 2% arbon atoms to which they are attached. Lowest possible number 
"tu given to the carbon atom to which the -OH group is attached, 
| 

E 


һе ending — e of the LU.P.A.C. name of the pe alkane is repla. 
by the class suffix —ol. For example: 


1 
(i) CH,-CH,OH (iii) CH,-CH,-CH,OH 


| Ethyl alcohol n-propyl alcohol . 
or or 
ethanol | г Jzprepanol 


6 
n 
| 
Е. (О е ET 
РЕТ + 
йа A 


- 32 1 E 4 \ 5 2 1 
(v) CH,-(CH,),-CH,OH pex NC CH, A 
n-butyl alcohol. i 


Y =5 беа 


od) ik 


т» CH, Medicos Hub 


2 4L " 4 CH 
(vii) CH,-C-OH (мй) CH,-C-CH,0H RSA uh: E 
| (ix) CH, Сн 
CH Pans СОИ 
3 


à lso 
Ter-butyl alcoho! Neopentyl alcohol Pentyl alcohol 
or or 


2-methyl-2-propanol 2-2 dime 


CH 


or 
3-methyl- 


l-but 
thyl-1-propanoi tano] 


1, METHYL ALCOHOL (Metlianol, CH OH) 


P ‚ 
Methanol is also called Wood spirit because formeri 
by destruclive distillation of Wood whic 


y itw 
h yielded: agbtained 
(i) Volatile inflammable gases 


| "i 
(ii) Strongly acidic liquid distillate called oligneous acid 
which contains methanol, acetone, acetic acid, methyl acetate and 
other organic compounds. 


Methanol was separated by fractional distillation of this liquid, 
(ui) The residue 15 wood charcoal. 


Recent Industrial preparation: These days methanol is produced 
synthetically from a mixture of water gas and hydrogen or a mixture 
of carbon monoxide and hydrogen. The gaseous mixture is subjected 
to 200 atmospheric pressure and then passed over heated catalyst 


mixture of ZnO and Cr¿O, kept heated to 400 to 450°C. 
The resulting methanol vapours are condensed. 


[с O 2n0/Cr303 CH.OH 

(а +2H, | 400- 4590 C/200 atom 3 

Р Water gas Methanol 
Е : ;ў y. 


opori :9:- Methanol is a colourless, volatile, thin liquid 
Polsona Y 0:796 at 15°C. It bolls at:64.7°C. It 15 more toxic 
» Iis miscible with water, крй ү 
BES sotullo (lecatt о d 


d) 
= Methanol is oxidised to formalde- ! 


a. 


e A » 
- JE OT 
| са 


K2Cr207 
lol MÀ > H- CHO + H,O 


Formaldchyde 181 
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Formaldehyde (Methanal) is further oxidised to 


(metha formic ас 
hole acid) with the same oxidising mixture. q 
K2Cr20 
H.CHO + [o pa H-COOH 
Formic acid 
Ш) Ester formation:- Methanol reacts with acctic acid to form 
ester. b 


CH3OH.* CH¿COOH ===CH), - COO- CH, + H,0 


Dimethyl ester 
or miclhyl acctale 


iz Methanol reacts with halogen acid 
like НСІ to form methyl chloride. This reaction 15 catalysed by ZnCh, 


Ф CH,OH + HCI——7*2 CH, - CI H,O 
] 


cthyl alcohol is used as a solvent in lacquers and varnishes. 
Lis mixed with ethyl alcahol to render it unfit forhuman use. The 
Is called methylated spirit. 


It is used to produce formaldchyde and formalin which 15 uscd as 
preservativc for lifc spccimen. 


be used to prepare antifreeze solution . 
Itis also used in the preparation of some drugs, dyes and perfumes. 


М 
N 


қ y 


Y DYAL zono (Ethanol Hs OH);- 
^. Ethyl alcohol, common! known as alcohol, is produced or 


arge scale by ermentation process of starch or molasses by catalytic 
act оп of enzyrr "prod: A Dy Im о-огсаг 


с ganism such as yeast. 
1) Fer nentation of $ Irch:- The alcohol for 
the fermentation of starch р 


ev). * 
ч E 


 zymase which converts glucose into ethano 


"a 


e Gh 


we d 
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«Ww. 
form of bubbles so the 
proces 
bbli A 
gentle bubbling or boiling, called fermentation 


2(CgH,,O,) + 1,0 
2 “hae 
Starch in mant СНО | 


Mallose a A 
Maltase 2 == 3 5 M 


C¡7H22011 + H,0 
: 12**2211 2 year? 2Cy Hy 0, Stim vas 
Ox idan: асса: юмо | 


Zymasc 
H1206 — 9 2C;H$0H +2C0! 


in ycast 


aris 


E Eg еа — ШАЎ”, 
- T a ‚р. 78.5 °С) 


ntains cnzymce sucrase which converts sugar in molasses to glucose 
=sclose, which further react with zymase present in the yeast. 
tation gives ethanol. 


Eq 


o IT] 
ON 


С Жж CygH229); + H,0 — a 9 CeHisOs + CgH,206 
Glucosc Fructose 


Zymasc 


T 
C,H 1208 Piet 2C.H,OH +2CO, 
Ethanol 


Р (b.p. 78.5 °С) 
Y Aes separated by distillation. 
+ X 


-95% ethanol by weight. 


sure which is obtained b absorbing water 
illing alcohol 2 B? 
| ethanol 496 


Ж 
POIL 
Й 


=, 4 pe 
v Та. LIU 
cohoLis wis 40 


led spirit with CaO a 
s contain cthanol in varying percentages. 
colourless liquid 

eC at 1 atmosphe 


nd ther $ 


ol 8596, water 1196 and m 


ties;- Ethyl alcohol is a thin 
0.79 at 15 °C. It boils at 78.5 
183 
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pressure. It solidifies at 112 °C. It 1s highly miscible with wat + 
structure ды 


= Ethanol is oxidised to acetaldehya. 


with Ka Cra Oz/conc. H2504. 
Ka Cra O7 
CH, “CH, o OH + [0] 3S0. * CH, ^ CHO * H,O 
Ethanol ya Acetaldehyde 


(Ethanal) 
= Ethanol (1º alcohol) reacts with | 
Heli i presence Ro ZnChas ати to form сілу! chloride; 
C,H,OH  HCI —£E€2 С.Н, - CI + H;O 
: In this rcaction alcohol loses its hydroxyl group. 
lin Reaction with sodium:- Ethanol reacts with sodium metal. The 


H-atom of hydroxyl group 1з replaced by sodium to produce sodium 
| liberating hydrogen gas. 


dic r e of ethanol. 
terification:- Ethanol reacts with acetic acid in the presence 

forming. . In this reaction ethanol loses hydrogen and 
c (OH). 


zH, —!4594 ,C,H,-0- C- CH, +H,0 


О 
| Ethyl acelale 
j li- Ethanol when heated with conc. H ЗО 


+ E ГЕ 


b 


-— p ON - == o zi L P , 
LA g ac)5 in Con ё 


үү ‘ 


+ a 
a tt ra ó 
A 
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(vi) Ether formation:- Ethanol in excess wh 
H2504 at low temperature, yields cther mis en treated 


wi 
O steps; uh cone, 


CH; CH3 -OH + HO- SO, OH (conc) ———, CH, `H OSO. 
a 4H +H,0 


2 
Ethyl hydrogen Sulphate 
CH CH; -OSO,H+CH, -CH; «DH, oy, 


J ‘CH. 20- oy с 
(Excess) Dicthylethes 2 УСН, + HSQ, 
: icon. Р lat: Ethyl 
/ al 
' acid chlorides like PCla, or PCls ог SOCIz y! alcohol reacts with 


7 to producc ethyl chloride, 


~L 


3C,H¿0H + PCI; —— 30,H.C1 + H3PO,. 
Ethylchloride 
C¿H¿0H + PCl; — ——, C;H&CI + POCI, + HCI, 


E C,H;OH + SOCI, —— — , C;H;CI + SO, + НСІ, 


| ; ge nation of ethanol:- Ethanol vapours lose hydrogen 
12) to form acetaldehyde when passed over Cu-Ni couple. 


Cu- NI 
= Acctaldehyde ш) 
¿8 в of I thay. 51: 
thanol Is uscd'as a solvent. It dissolves a large aay of organic 
б Ro cs. 
ances such as gums, resins, tincturcs and varnish Жог 
being e: tensively used In the form of different s F 
Obtained by fermentation of grains or er a organic 
S a raw material for the prep wo й ethanol is 
ch as CHCl3,cther and csters. 
for perfumes. анта be rand 
ow temperature thermo anic reac 
ja à: ert solvent for certain org 
many organic compounds - 
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9.2 PHENOL (CARBOLIC ACID CoHs0H) 


Phenols are aromati la 
tached to. cram matic compounds containing hydroxyl BrOup dire 


besa tao! лас ring of carbon atoms. They are classified Sly ai. 
dihydric, trihydric phenols, etc., according to the number of brag pen Уйгу, 
on aromatic carbon ring. PS Present 
OH OH OH 
4 | Eo a) OH 
LEAL AS 4 OH 
..Phenol = Resorcinol Pyr 
T EU. SEC орао] 
| | ч. dric) (Dihydric) (Trihydric) 
Nomenclature: Some well known phenols have trivial names, €, Cátechol 


tes cinol. p er ol, etc. Substituted phenols are generally named as deriva. 
puves ORE ROI Position of substituents and -OH group are indicated by number 
o the carbon atoms to which they are attached. Number onc is assigned to the 
а bearing the -OH group. For example: 


| 


à «4 
Puy] 


OH 


(iii) 6 3 Cl 
ni 
5 3 | 


4 
2-chlorophenol 


(ii) 


P-cresol 
or 
4—methylphenol 


OH 


. Resorcinol | OH 
| sA Y Hydroquinone 
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ds having -OH group linke d 
phenols but they are called naphthols: ndis naphthalene rin 


& are also 
OH 
8 ' 
(OQ. D VALOR 

e! E (ii) ОО; 
ÓN htbol diee d 

1- Naphtho 
a ( 2- naphthol 
~ a-naphthol "e. Y 

4 | 
ods of preparation. 


n chlorobenzene (Down's process):- Chlorobenzene on h 
n heat- 


10% NaOH at 300*C and und 

er 200 atmospher} 
forms sodium-phenoxide which o pheric pressure. 
acid gives phenol. n further heating with hydrochloric 
" | 


Cl 
PR : Na 
E as 300°C 
єй *NaOH (10%) — ru ur +HCI 
roben: A S Sodium phenoxide 
H 


6+6— | 
+ HC] -———_-——_» + Na Cl 


Phenol 
y 
p 


4 ene sulphonate:- Benzene sulphonate і 
ydroxide at 25°C in nickel crucible and й 


s fused with 
ves sodlum 


Na 
chs d 4 Na4S0s * HO 
— o 


Sodium phenoxide 


187 
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MENGE: HA 2 q 


| BP. = Pleno] > H0> Eka 


odium phenoxide on further treating with hydrochloric acig give 


lil phenol. 
| | s үз 
i Na OH 
d+ 5 
| 35m  — — + Na Cl 
LH С ) +H Cl м8: 
| Phenol 


:- Phenol is colourless crystalline solid. It hay 
peculiar odour: It is poisonous. Its melung point is 43°C and bolling 
point 15 182°C. It is miscible with waler above 68.5°C in all propor. 
| jons. 

hemical reactions: 


| Iro :- Phenol is fairly acidit jp 
c and reacts with eem aie like sodium hydroxide, yielding 


E. phenoxide. 


<> oH pNa 
© ©) *Naou +H,0 
R * Sodium phenoxidé 
сас оп = h zinc :- When vapours of phenol are passed 


c dust i it Is reduced to benzenc. 


DB. си red hot e +ZnO 
379 ө!) ч я Benzene 


vith 


drogen gas):- Hydrogen gasis 
d in presence of finely divided 


Cyclohexanol 
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gy Halogenation (Reaction with bromine water), 
rapidly with bromine water and produces 2,4,G-tri Phenol feasta 


OH bromo Phenol. 


OH 
ES › +3HBr 
d Phenol Ms 

À Р R | Л д4 O- ri Lromo Phenol, a 
yINiuntionfaisseanction with dilute Nitric осу: M 
ў dilute nilric acid at 25°C, gives O-niLr = Phenolon treating ү 

| j 3e hydroxyl (-OH) group Is ог ophenal and Pnitropheno! 
bx | D огпо and para directing group | j 
OH . | 
/ OH OH [| 
25"C 7 N i 

Sm, É 
Н, coa Фу > O dio / 
ies O-nilrophenol NO, | 


b: 


Reaction with conc, Nitri acid:- Phenol on h RAT 
fb) React wi = і пепо! on heating with conc. 
mei acid, gives 2,4,6-trinitrophenol. i =з 


OH 
NO02 7. NO 
Heat 2N7 2 
c. Jac ck md Y +3H,0 
NO, 


2,4,6- lr! nitrophenol. 
мш action with gulphuric acid):- When phenol is 
vith sulphuric acid, it gives relative proportion of both Ortho 
[ 4 rs of phenol sulphonic acid depending upon tempera- 
| ng at 15-20°С. it gives major ratio of ortho-phenol 
y. OH OH 
SQ,H 4 +2H,0 


* 
011 


OH- {буе › 
| (Major product) SOH 


(Minor produc вд 
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Woodside 


bi On heating at 100* C, i gives malor POSES OF Pa, 


p» E mm — OH OH 


SQH 


ing of soaps, plastics. disinfectant, Spfays 
rgles etc.” ~ 
à preparation of pieric acid, aspirin etc. 


s with the general formula Cn Han.2 O, which is the 

| monohydr alcohols and since their general structure в 
1 sarded as alkyl oxides or the anhydride of alcohols. 
EM —T— —12— —— 


нам groups 


+. -- 


rsare regarded as alkanes!" 
-OR) group. 
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In mixed ethers, the larger alkyl group is chosen as the alkane: 


(a) CH,-O-CH, (b) CH,-O-C,H, 
Dimethyl! ether Ethyl methyl ether 
or — 
Methoxymethane Methoxyethane 


Diethyl ether Methyl propyl ether | 
/ Sor ar | 
Ethoxyethane Methoxy propane 


y 
q E CH, | 
H-O-CH, (06, H,-0-C-CH, | 

| 


oy! p thyl ether CH, 
| Ethyl ter-butyl ether 

A or 
2-methyl-2-ethoxypropane 


з 16 alcohol:- William Son prepared diethyl ether from ethyl 
Кил, Son synthesis. Hc used sodium metal and 


- ri o Co hc 5] g sodium. al:- 


Beating with evi sodium, forms sodium 


Sodium p. y 
n п further treating with cthyl bromide. 


e A ule. - 
forms 


-CH,- 6 CH, - - CH, + NaBr 


3 | ether 
pielhy: 191 


Medicos Hub 


r 1 ulphuric acid:- Dicthyl ether | 
Prepared by reaction of cthyl alcohol with sulphuric acid. : 


CH, - ct | : ouz ilo- CH, - cH, 42504, CH; - CH, - O-CH,- Ch 


Diethyl ether 
J usin Iver oxlde;- Ethyl chloride = 
heating with dry silver oxide, produces dlethyl ether, 


3 *Ho 


2CH; - cH lorh gp O Lisboa CH; -0- CH; - CH 
Ethyl chloride Diethyl ether 


3 * 2420] 


Physical properties:—It Is colourless liquid. It is highly inflamma, 
It has low boiling point. It is a Solvent. It is soluble in concen, 


trated sulphuric acid like organic compounds containing oxygen 
emicalreactions:- Diethyl clher is relatively un-reactlve because 

[ greater stability. 
Oxygen of diethyl etherpossesses two electron pair free (un-shareg) 


Ich reactwith strong acid like hydrogen iodide to form oxonium ion. 
“accepting proton. 


^ Е. $ = 
2H, — O- CH; + SI RM x ү - C2H5 +1 
EU H 


Oxonlum fon 
(Г) being strong nucleophile reacts with oxonium ion 
iy! alcohol and cthyl iodide by breaking carbon-oxygen 


P 


Ме NN. 
=H; - Q 7 Cos * 1— ——— — — 5 c; H.0H +CH; 


EM + 


жу ' 
MALUI 


ively charged and is bonded with 
then It is called oxontum ion. 


Ф 


H- 0- н, HjÓ 
H 
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Is uscd as solvent for facts, waxes. 
e material. It is used as solvent in Or er. E s апа othe; 
rgo" | uf tion of Grignard's reagent. It has been Vert. ls used in 
prop P thetic. It is uscd in manufacture of smokeless Beneral 
E jal silk collodion. It explodes due to low boiling poi Powder an 
- {flammable nature. Mt and highly 
po Jn 
» 4 ALDEHYDES AND KETONES 


MT ydes and ketones both have the general formula c И ОЎ < 

nº Pan Since 
both contain the carbonyl group (> С=О), they are also known as carbony] 
$ рУ 


compounds. In aldehydes one of the two available valencies of the carbonyl 


is satisfied by a hydrogen atom and the other by a al 
in ketones both the valances are satisfied by alkyl eiie kyl group., whereas 


, 4 
tE —— == 4 
O AO O ah c=0 
Carbonyl group Ketone 


ional group is -CHO ( трде =0) and in ketones 


a of aldehydes are derived from the name of carboxylic 


ww “AP The suffix-ic acid is replaced by-aldchyde: 


А CN Pes 
ПОГ 

чүл. 

т 

re 


XA 
+ 


Р, 
1 


4 


сно 10) HCOOH 
Bue Formic Acid 


(0] CH,COOH 


Acetic Acid 193 


Medicos Hub 


(iii) CH, - CH, - CHO PES CH4 CH; COOH 


Proplonaldehyde Propionic acid 


The position of substituent is indicated by Greek letters, с, в, P 


the a —arbon being the oneto which the -CHO group is attached: >. 
br Ba 
(i) -C C-C-C-CHO 
CH єн, 
(ii) CH-CH-CHO (iii) CH,-CH-CH,-CHO 
a-methyl propion aldehyde B-methylbutyraldehyde 


2 LUPA. Names:- In this system aldehydes are named after the name 

ү of the corresponding alkane. The ending" —е" of alkane being replaced by suffix 

| = al, The longest carbon chain containing the -CHO group is chosen as the 

| parent alkane. The positions of substituents are indicated by numbers of tha 

carbon atoms to which they are attached, and the carbon atom of the -CHO 
e given number one. 


з 
MACHO (i) CH,CHO  (i)CH,-CH,-CHO 
ue Ethenal Propanal 
or 
AA Acetaldehyde 


Y CH 
5 4 3 MÉS 
ES] (CH, ),-CH,CHO ён Ён, tH-CHO 
ES anal = 2-methylbutanal 


mmo si= Simple ketones are usually named after the name of 
LT groups s attached t to the eoru group, followed by the word Ketone. 


q 
E ee | á $ SS 
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=. 


groups in a ketone arc same, the ketone is said 
p rwo alkyl groups are different, then it is said t Cm prar 
ketone. Mixed 


di group is chosen. as the parent alkane and th ain ‚аша 

15 : e ketone i 

go the nt alkane with suffix one. The position dti зау y 
anm od ambersofthc carbon atoms to which they tituents 


‹ ¿re atta 
2 т; group is given the lowest possible number. Ched ang the 


E | O 
A & асн рб 
бсн, € өз CH, CHA) 
Dimethyl ketone Methyl ethyl ketone 
^ known 2s acetone) , or 
E 2 — butanone 
or 


butan -2-one 


CH, CH, 
COME EMEN EMF 
(iv) CH,-CH-CO-CH-CH, -CH, 
2,4—dimethylhexan-3-one 


_CH 


3 
EG 4 8 дан 
(vi) CH,-C-CH,-CO-CH,-CH, 


CH, 
§,5-dimethylhexan - 3-0ne 

O m 

11 

OA H-C-H) ‚ solution Е 

E. ]c as ser 

3 pnly E be of aldehyde 

| imp cg 195 

o Industry. 


Medicos Hub 


"VP TTT 


| h f lon:— 


i I 1;- 10) 

methanal is obtained by passing a mixture of methan, 
vapours and air over heated catalyst . In this reaction Methane, OH) 
hydrogen to produce methanal i.e. Formaldehyde, F ormalqep. н 
absorbed in water to get its aqucous solution. 4 


H H 


Г CuO+M,O 
| Formaldehydc 
H 


Methanol 


hc oxidation thyl alcohot:- Methyl alcohol ls o 
= АЕ Xi 
to formaldehyde by heating methyl alcohol with a mixture 
l > y : 


O, / conc. H,SO,. The first step oxidaion gives formaldehyq, 


lar e 
ol (© “Cale, 


е 


2(y) 


; l 
i. И i 
: ^ K2Cr207 /Сопс.Н2504 
| \ [8] [ ] | H¿O 


Formaldehyde 
sid 


> 


OH 
y K2Cr207/Conc.H2504 E 
[ H- C =0 
Formic acid 
(Methanolc acid) 
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clu о ^ 
» | i vapours o ormaldeh m fo 
н) 2. Pavon. gives yde. Tinate on dry 


5 
es di O 
ia i 
H-C-O 
Ca Heating H 
——— — 35 H 
, / H-c- H 4 Ca O 
H-C-O Formaldeliye . 


Calcium formate 


fal Physical propertics:- 
qr Form: aldehyde is a gas at ordinary condition 
ji) JE may condensc to liquid at-21%0 | 
fii) it is readily soluble in water and y 
EE сани очасы; 16 aqueous solution has 


vaporating aqueous Solution,a crystallin 
nal | de (HCHO)n H20 is Bind B Hase 


propertics:- 
Чоп of deh rde group;- Like all aldehydes, formaldehyde 
5365 active Fl-atom attached to carbonyl group which is casily 
d when formaldehyde is treated with oxidising. mixture 
¿Cr207.+conc. Н2504 ) to form formic acid 


4 sy | ^ K2Cr207 /ConcligSo4 


A 


Formic acid 


Ónvecdeof hilic дай) VEZ) is 


'arbon =0:- The carbonyl bofid (, ^ ous 
Es nds and the addition — ^ oup 
Carb onyl compou ble bond of cabony 


S the carbon - to-oxygen dou 
by active hydrogen. 197 
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Gener 
al r €action of this type may be represented as: 


B 
1 
Кб V EN 

st Rs cus, -C-OA 
H/ Mz 
H 

F ollowing are the addition reactions of methanal with some reagent 
ro iz The addition reaction A 
9 Ф 
имйа{са by nucleophilic attack of C Nat clectrophilic С. 


CN 
o pn l 
H- c = O+ H- CN ————————23H- C -OH 
| 
H 


E | 


e (Cyanohydrin) 
e addition product 


[ Е | i: Formaldehyde adds 
|  hydroxalamine (NH2OH) to form a stable product called "Oxime", 
Бой н | 
Сн 
Ж: \ JE = O + HN. OH ————>3 H - C- OH 
| | l 
| . Formaldehyde 
p= \ N- H 
-— | 
N » E t 
e e 


à ч mv: Unstable addition product 
М, | 1 CY b - 
È | Ow 
; шу L, a H-C- H + HO 


14 
ы d 


ia — | 

N- H | ^ N- OH 

| * ‚ Oxime (Formaldehyde amine) 
OH 


198 | 4 
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OC,H, 


| Sy € A = ОСН, нң 
C - OCH, + CaHg о H* | 2 °5 20 
I 


H 
ч 


H- 


Acetal 


th F ng's solution:- When aldehydes are warm 


with Fehling's Solution, 


red precipitate of cuprous oxide (Cuao, : 
obtained. 
À 
e H*2Co(H), NaOH —— sHC- Ома + Cu,0, 


3) + 3H,0 


Sodium formate 


:- In absence of alpha-H, formaldehyde does 
undergo "aldol-condensation" however when formaldehyde is 
| trea ed with a Strong alkali, it undergoes sclf oxidation 
in which one 


aegon is known as C 


| H« CHO + H- CHO-« NaOH————— — , CH; - OH - HcOONA 


annizzaro reaction. 


Methanol Sodium бый 


duet "anal to methanol:- Hydrogen may also be 
In the carbonyl group of an aldehyde by using somc reagent 


Ji ІГ 


Methyl alcohol 


09 . "a 
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^ to form a trimer known as me Presence of 
formalde 
H H 
NY 
C 
WN 
Dilute 113504 o à 
H 
N H | 
\ у | 
О J 


meia formaldehyde 


Чоп w Diens reagent:- Tollens reagent is а 

е solution. Formaldehyde when к vith’ reas 
m Tollens reagent, metallic silver 15 reduced which ts 
s fine smooth surface forming sllver mirror. The alde- 
7 ddised to formic acid forming ammonium formate. 
js reagent is prepared by adding few drops of NaOH to 
| get white precipitates of AgOH. The white precipi 


H are then dissolvcd by adding NH, or NH4OH. 
+ Nai AgOH | +Na NO, 
INH,OH ————[ Ag(NH,), он, +2H,0 


Diamine silver (1) hydroxide 
3NH, +H,0 


| lon ——==—>2Ag l +HCOONH,+ 


= ald 
taling 40% of form 
a pera for blological spe 


sins of 
produce the following 


scd to 
E. p^. „and ше 2 


ondensation of formal 


Medicos Hub 
ae. — 


(i) Bakelite by condensation of formaldehyde and phenol, 
(iti) Melamine, 
3. It is used to prepare drying oils and dyes. 
е : Is used in silvering of mirror. É M 
: It is used in the processing of anti-polio vaccine. 
6. With fuming nitric acid, formaldchyde ls converted into hight 
explosive Cyclonite which was used in World War- ll. y 
ACENÓNE. at (| | 7 
LIS basic member ofKetone. fts structural formula is CENCE- сн, it, 
AUPAC name i$ propanone. It is also called as dimethyl ketone 
' /Acetone is the commercial name. It is present in blood and uring ln 
very small quantity. In diabetic mellitus. the quantity of acetone 


Methods of preparation:- —— 
li) By oxidáti n of sccondary propyl alcohol:- Acentone is prepared 
by oxidation of secondary propyl alcohol with acidified potassium 
sdichror te solution. Due to oxidation, loss of two hydrogen atoms 


lake sie NS éd 


t 
^ 
t 
a 


= wo к 
| OH S `_ 
EM [| ~ K2Cr207 I 
: > | Acetone 


acid:- When vapours of acetic acid are 
rer nangan ese dioxi ae. at SO PC. it yields acctonc. 


AO 
бы ‚Мо LA 
| O " ? AA à 4 


aq o 


maceta 


ation of calcium acetate:- Industrially acetone ls 
дш 4 1 ^) A clum a C e^ е. 


11 
CH; -C- CH; + Ca CO; 
Acetone 
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A 


t is colourless, inflammable liquid with 
d oe to its characteristic smell, it can b peculiar smell. 


i e Ident; 
(iii) It 15 miscible with alcohol, cther and wn, ted. 


У 
iv) Its boiling point Is 56.5?C, ater. 
v Its specific gravity is 0.792 at 20°С. 
al ctions:— 
uction:- Acetone reduces to ore 


heating with hydrogen in presence of Catalyst my T A alcohol on 
y : 


ч LUN Е OH 
А "ҹу Sec. propyl alcohol 


ation:- Acetone oxidizes in 


ii] Qxid: Presence of strong oxidizi 
- c . ү Li . п 
such as mixture of potassium dichromate and conc. sulphu dd 
and forms acetic acid. aci 
Ea / 4 
gl 
- K2 Cra O; І 


|, + 4[0] Hz 50; Cone) СНз - C- ОН + СО, + H,0 
Acetic acid 


é 
q 


1 € 


-t 
odium 
ч 


lodoform:- Асеіопе on heating with iodine in 
carbonate, forms yellow precipitates of iodoform. 


O 
I 


-— lodoform 


\ 


ja I bout acetylene, cellulose acctatc, cellulose nitrate 
for s rage of acetylene In solution form. A 

C 1 preparation of lodoforin, chloroform etc. 

lin preparation of artificial scent. 

] as nail polish remover. 


d synthetic 
in preparation of smoke 


less gun powder 2^ 


203 
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9.5 
CARBOXYLIC ACIDS 
Organic compounds which contain carboxyl 


Carboxylic aci | group contains a car 
group: cids, The carboxyl group 


group (-COOH) are called 
bonyl group and a hydroxy 


Carbonyl’ Hydroxyl 
group group 
_ A 400 


Carboxyl group 
Compounds which have only one carboxyl group are calied mono carboxy);, 
acids, if there are two or three carboxy] groups in a molecule then it is called a 
dicarboxylic or tricarboxylic acid. In this chapter only saturated monocarboxy);, 
acids will be discussed. 
The saturated mono carboxylic acids are also referred as fatty acids, due tg 
the fact that some higher members (e.g; palmitic and stearic acids) occur in fats; 
Their general formula is Ca Hansi COOH or simply RCOOH. 


Nomenclatyre:- 


= 1. Common Names;- The.common names of monocarboxylic acids refer to 
ir sources rather than to their chemical structures, e.g., Formic acid was so ' 
because it was first obtained by the distillation of ants; latin word for ants 
À ica; Acetic acid is the chief constituent of vinegar, the Latin word for 
is acetum. 


Table 9.1 Common Names Of some Carboxylic acid. 


> Occurrence and derivation | 
of name 


Milk, butter and cheese | 
(Gr. Protos, First; pion,fa!) 


Butter (L. Butyrum) | 


Valerian root (L.Valerr | 


to be strong) | 
Goat (L. Cape!) 
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_ 
Га positions of substituents are ina: 
M й The + atom is the onc linked to thee nt bY Gree 
1 ae E" а boxyl Broup: 
И - 
_ёд-с-©-С-соон 
p? 2 
) CH r f LCOOH (b T 
CH, i Ж <H-COOH ) 
eps acid = opio acid 


Ф: ^ Nek x 
^H - L. | Ет CH-COOH 
| CH, CH, 
‚ B dimethyl i - 
| 2 ylvaleric acid or 201». dimethyl pentanoic 
i 11 i: AC. Na mes: acid 
D continuous , TUPAC names fo 


JOE 1 Acetic acid Ethanoic acid 


E | Valeric acid 
H Palmitic acid 
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usual by number of the Carbon 


The position of a substituent is indicated 25 of the carboxyl group is give, 


atom to which it is attached. The carbon atom 
number one. 


5. Y p @ d 
2C-C-C-Cg8U0H 


CH CH 


J 
Ny. eB uis 22> : 
(a) CH,-CH-CH,-COOH a(b) CH,-C-CH,-CH, -COOH 
CH, 
3-methylbutanoic acid 4 4-dimethylpentanoic acid 
Br 


EN / 1 RA UP erige. 
(c) CH,-CH-COOH  . (d)CH,-CH-CH,COOH 
2-bromopropanoicacid 3- chlorobutanoic acid 
O 
i 
ACETIC ACID (Ethanoic acid, CH, - C- ОН ог CH4COOH). 
Acetic acid is the main constituent of vinegar (acetum meaning 
negar) hence thc name. | 
Immercíal Pr tion:- 
i, From Pyróligncous Acid:- The brown aqueous distillate obtained 
Sd qud distillation of wood was the chief source of acetic! 


b. 


a ais liquid which is called pyroligneous acid contains acetic acid, 


acetone and mehyl alcohol is subjected to fractional distillation to 
Mect acetic acid. 


«From Ethyne:- These days acetic acid is produced by the oxidation 


of acetaldehyde which is obtained by passing acetylene, (ethync) 


througt | dilute H2 SQ, solution containing some Hg SO,which acts as 
a catalyst. 
dil 12504 /11g504 
HC = CH #H- OH— — +, H,C = CH(OH) 


Vinyl alcohol 


H4C = CH(OH ) — ечат rearrangement ‚ср, - CHO 
: Acelaldchyde (ethanal) ' 
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ч E 


E 
« 


Arne oxidation of acctaldehydeis carried out with 


! K 
І А CH4CHO + [О] Ka Cryo, 2 Cr, O7/cone. н, SO, | [ 


y * Acetic acid 

n 2 rom €t; y 1605077001 5 Тһе oxidation of ethy] al 

a ES 

conc. Ha SO4 gives acctaldehyde which is oxidised à das Ка Ста 047 
" C acid. 


Í | 

PR | K2 Cr2 O;/H5 SO. (Cone. Ш 

Hc- c. =[H]+[0] Ta н.с c^ Ho 
, №" | 


| 


H 
O 
] K2 Сг O7 /Н SO4 (Conc.] І 
4 I0]-4—— T SS H,C- > 
| 
OH 
Ассис acid 


Hes;- The common acetic acid is a colourless volatile 
rp vinegar smell and a sour taste. An hydrous acetic 
istallinc hygroscopic solid. It freezes like glassy , mass 
"d glac al acetic acid. It is miscible with water, alcoholand 
i ydride has formula: 


“o which is highly hygroscopic 


srties? us 
as a miônobasic weak acid:- It ioniscs in st 
= one proton(H’) per molecule.The AS is avery 

ER S n —5 which means Una Ka is 
jis Ka = 1.7 xlO w fo which 


acids lor 
cid as compared to mineral i 


cid 
carbonic 4 
cetic acidis a stronger aci + 


— —-— 
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for Which 
Ka = 4. —7 
are called la 1077. It neutralises alkalies forming salts why 


CH4COOH + NaOH ——————3GH3COOnNa + Hio 


Sodium acetate 
4 72CH,COQH + Pbo— — — (CH;COO), Pb 4 н.о 


P 4 Lead acetatc 

2. Esterification;- Like all carboxvlie acids, acetic acid reacts wi 
an “alcohol to-form a compound called ester. This reaction i 
called csterification. is 
| In this reaction the hydroxyl (-OH) group of acetic acig ¢, 
ites with hydrogen (H) of the alcohol to form water. z 

. The reaction acquires equilibrium when mixture is h 
boiling in the presence of 1-2 drops of conc. Н:504 


ated ty 


/ Y | > ' o 
ЕГА = E 


C- [H+ HO- C,H, ——55—— cu, - C- Qr Calls +H,0 


q Ethyl acetate 


?21 
е 


Je E ; A 
7 v [xag 
Dub 0) 


r with rus trihalide (PXa) or with phosphorus 


— CH, - C- Cl SO! «ucl 
Acelyl chloride 


| ке 
рит * 
j —— — 23 3CH, = C- Cl + H¿PO, 


- 
di E 


A M Э 
—+CH, - C- Br + POBr, + HB" 
Acetyl bromide 
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The acid halides are im 
ynthesis of other compounds Feet Compounds to p 
(1) "Acetamide" is produced by the ko Pe P used for the 
chloride. 9n of am 


© 

$ 11 
CH,-C-[CL FH m ren, ar 
PE + HL 


Acelamide 
(Elianamide) 


by reacting acetyl chloride with 


n € O 
| 53 : y BN 
el OSA t \ 
CH3- C- O|Na* C1]- *C- CH, — — —, ¡O * NaCl 
“Sodium acelale - Acetyl chloride i 
аа (е 4 CH,-C 
q | Il 
O 
{ Acelic anhydride 


зей by reacting acetyl chloride with sodium ethoxide. 


C O 
1 11 

-ClI- *C- CH, ————>C¿H¿0- C - CH, + NaCl 
A Ethyl acetate 


ti x dalime, 
lation:- When sodium acetate is heated with so 
m ( om the chain as CO2whichis absorbed by NaOH, 


ent of sodalime(CaO* NaOH) 
Va + Naou 2—9 CH, + Na4COs 


only 
lacial acetic acid and acetic anhydride are comm 


vr ents. : ums and 
se н solvent for phosphorus. sulphur. E 


se Б artificial leather producion. - 209 
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2 Acetic acid Is used to prepare acetates, esters and Cellulose... 


(v) Acetyl chloride or acetic anhydride Is used for Acetylation, 
After naturing and | colouring, It Is used as vinegar. 
> ul 


A, 


+ 
TECTUM + H,O 


4 * à id Ester 


ela 


Y ral formula of esters is С Ha, О, or-simply R-COOR. 


c as the alkyl derivatives of acids, The 
Ogen atom of the -СООН group is 
id and the suffix -ic acid is replaced 


C T CH,-CH,COOC,H, 
Ethyl propionate 
or 
ethyl propanoate 


cH, өвс coca 


opropyl LESS 


te 
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R and R' are Yl] gro 
structural formula At pa hyi aces 
e 


ent 
il ' The 
Preparation, CH, 


is treated with су] alc 
cthyl acctatc is formed 
J O 


p i. 
c Hy- C- OHsHqe.n, SA il 


CH, =¢_ 
2 / Acetic acid Ethyl alcohol "e. 


ence When асе 
ру removal > ded; one, Sulphuric Че э. 
z € 


Ti 


E asant frulty smell 
(Ш Из specific gravity 15 0,9 at 2090 
К iv) It Is le: з soluble in w 


ater but More soluble in alcohol and ether 


actions: 


dt iz Ethyl acetate h 
Б acetic acid and 


ydrolyses in acidi 
ethyl alcohol. n 


' O 
А | H2 504 (di) ll 
“CLO Н; + H.OH == CH, - C- OH +CH OH 
slate j Acetic acid ЕШ 
* alcohol 
lysis in basic medium:- Ethyl acetate on treating with 10% 
lution, forms sodium acetate and ethyl alcohol. 


I 

b А OH 
p «А " М i f bd { E H 10% === CMC в. "Ша ЧҮ + C, Hs 
o | | Мао ( ) === 5 RE ] 


nt smel 
E арр. t for paints, varnishes, ой, fats, gum 
006 -Solve 0 , 
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(Iv) It is used as plasticiser L.e. reduces brittleness апа impro, 
elasticity of plastics. ч 


A a al em аза ete, 


СА ASSIGNMENT 


oko andre оло Give two Examples o 


iud. ty by gimen secondary and tertiary alcohols? Give 
re and 5" of a 19, a 2° and a 3? alcohol of the molecular formi 


p “A FA. of each of the following: 

“ras alcohol (ii) neo-pentyl alcohol (iii) 3-methylbutanol 
| (iv) sobutyl alcohol (v) [2 een 
i) 3-ethyl -3-methyl -2-pent 
4 dimethyl -1-4 hexanc 
© О ойго! (a) 4-br порһ 


no без (x) 2-4-6-tribromophenol 
me (xii) 2-naphthol 
'6-trinitrophenol 

| г a pl ether (xv) Ethyl-ter-butyl ether 

yl. E (xvii) 2-methoxy hexane 

gun (xix) 3-ethoxy heptane 
d E rn | 
si: lloropropanal 
n-2~one Em Methyl - ter - butyl ketone 
E -dimethyl butyric acid 
nethyl hexanoic acid 


гор on ate 
" 
o. 


mate 
па 
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EN m ; ae tes 
i MESA 


e isa: mA 


ach of 
the following ions 
Possible. 
* Bive 


Dew AO ca, CHOH 


-CH -CH H-CH, 


(iv) CH, T d 

OHOH | CN CHICO сы Л, 'ó 

y c CH, (vi) CH, -OCH(CH,) af 
A 

“CH, (viii) (CH), C-O-CH cu. cu A^ | 


(xii) СН,-Сн-Ёң, -CHO 
CH 


3 


> Il E у 
), J (xiv) (CH, ),CH-C-C(CH,), 


H,-CH, (xvi) CH,-CH-CH-COOH 
CH, CH, 
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CHAP TER l 0 


CHEMISTRY OF LIFE. Y 


10.1 DEFINITION AND INTRODUCTION 


Chemistry of life, in short written as Biochemistry (Bio = Life + 
Chemistry), is a branch of Chemistry which deals with the en of chemical and 
physical processes, by means of which the chemical compounds such as vitamins, 
lipids, carbohydrates proteins and nucleic acids are transformed into one 
another by the cell itself in order to maintain its organized structure and 


à acces: 

The Biochemistry is a new science in comparison to other physical sciences 
and the reason of its late development was sophisticated techniques and con- 
cepts needed to study the structure and function of a living system. 


10.2 FOOD AND NUTRITION 


Introdustion;- Food and Nu ition is а! e 
with the Nutrient and caloric reqt 
effect ongrowth and metabolism 
diet. For instance the statistical $ 
30% of population wás sufferin 
nutrition). Diseases like decayél 
mental alertness and under We 

and diet, di 


 Czssification;- The food i 
(а) Energy (b) Growth and mi 


Ocesses and for the sake of sim 
(i) Carbohydrates 


| Medicos Hub 


TI" NES = 
A 
} 


(ii) Lipids and fats poe 


(iii) Proteins 4 ns 
(iv) Vitamins | de 
(v)Minerals | | yc 
(vi) Water | E. 
n (utritions= For healthy performance, each day the diet muy | ой 
supply the body with: nr 
(a) Adequate calories (c) Mineral salts | 


(b) Vitamins (d) Water [ 


It becomes therefore necessary to choose foodstuffin a diet which can cover 
all the above needs of the living system and such diet is known as a balanced 
diet. A malnutrition or bad nutrition is a state in which body is poorly nourished. 
due to long use of a diet which lacks in essential elements and becomes subject 
to deficiency diseases and other disorders. С 


The energy and the fuel value of foods which supply this energy is measured: 
in calories. In nutrition, the use of large Calorie (written with capital C) orkilo. 
calorie is employed and is equal to amount of heat required to raise the 
temperature of 1 Kg of water by 1ºC. b 


An energy requirement for a person of normal size and weight; working 
under moderate conditions of climate may vary around 2500-3000 calories 
depending upon the nature of job. Concentrated brain work, for example, study / 
and office work require no additional caloriese Com aratively young persons / 


need more calories than the older one T / 
The energy expenditur | pursuits are giver below (in 

Calories per hour E / 
Walking "T | 2. - 


y 


Sawing wood 
Masonry labou 
Sweeping and ( 
Dish washing/S 
Concentrated | 


Т J Medicos Hub 


Almost all the Physiologica} activities oF the 
this comes from the break down 
major nutrients. Carbohy 
of the calories than the 
sary for the tissue growt 
are insufficient then 


o 
drates and 
Proteins. 


e i SNEAPEr sources 
hand repair but ifintake ofog cins ar 
the protein is a 5 


Car y drates, Mii energy depend 
tolesser © 


The quantity of food needed to Tovide requi 
could be calculated as follows: P ©quired cal 


Ories for an individua] 
Carbohydrates give 4 calories Per gram 
Fats give calories Pcr gram 
Proteins give 


4 calories Per gram 
(i) Carbohydrate intake: Carbohydrates are 
source of energy for animals, 


the cheap and an efficient 
They serve as Staple food fi 
Carbohydrates furnish 6 


or most of the countries, 
0-80% of the total calories intake, 
of 5g of carbohydrate per 100 k ca 


A minimum quantity 
lof the total diet is Necessary to prevent the 
development of ill-effects of fasting or of high fat and protein dict, 
The main Sources of carbohydrates are (i) cereals or Brains-wheat, maize, 
rice, oats, barley, sorghum and millets. (ii) roots 


and tubers-Potatoes, Sweet 
potatoes, (ili) sugar, honey, beat TOOLS, fruits and sugar-cane. 


ponents of our diet, because these 
not only make our die 


t more palatable but also Provide energy double than that 
of proteins or carbohydrates and therefore the 


y Serve as an effective ca 
energy store in both animals and plants (seeds). The Meis fat sources d 
provide the fat soluble vitamins beca | $ are carri | 
such vitamins. 


The minimum daily requirement of appror iate fats v: 
day depending upon the intake of calories 
of recommended fat can go: Jp t 


calorific purposes. 


However, 35% of the tota 
containing 10% poly unsaturate 


Main sources of Fats (i) » 
Source - Oils from seeds of 2 
can and mustard. 


(iii) Protein. Intake; No 
an energy supplying nutrien 
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are not ade uatel met by the carbohydrates or fats the proie; 
nergy. ee d ч do de. furnish 
Protein as nutrient,is more important for the maintenance of body х 
and repair of tissues than to supply calories. Because the protein of tie owth 
constantly being broken down and synthesized, it is imperative to Sun yd > 
amount of protein їп daily diet, so as to meet wear and tear quota of the boa 


€nt of esse 


Nutritive y 
| gelatin isa protein which lacks an essential ami 


alue of proteins depends on their cont 
acids; for instance 


y. 
ntial aming. 
tryptophan and si 


à . b no~acid, the 
milarly feints of corn are low in both tryptophan and lysin 
Such incomplete proteins are unable to support growth if Biven as the , 

Source of 


А q. fo 
Protein ín diet. Therefore, a mixed diet is Suggested and Dre 
ferable. eg, bread or rice with milk, fish and cornmeal, : 


There are ten amino-acids which b 
therefore are called essential amino-acid 
tophan, threonine, histidine, arginine, 


s, namely mcthionine, trm. 
Phenylalanine and lysine. 


leucine, isoleucine, Valine 


The percent of energy requirement of the body per day opted 
from food groups is Suggested as under: 


(i) Carbohydrates 


58% 
(ii) Fats 35% 
(iii) Proteins 12% 


The proteins in addition to other im 
constitute important sources of nl 
Proteins can also supply s 
Поп as an energy donor, t 
The energy d 


portant functions also 


lrogen, sulphur and phosphorus, 
ome amino-acids which like glucose fune- 


We 


AVL GO S 


; nied by the symptoms 
of proteins dengi un ailment. _ 

The ma ins № eal ii) Milk and eggs (Ш) 
Pulses, beans, nuts and oil containing 
fruits. S 

iv) Vitam rs which act as Sth 
um and unl oteins, fats or Watel, 
they are requir illigrar m 
Chemically vit: ing 10 


?1R 


Ea e oa. CSS 


ody cannot Synthesize and | 
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solubility as fat soluble Vitamins 
such as B-Complex and C, SAD E Ko Water solub 

u 2 - 

Water soluble vitamins are e Vitami 


ә тоге Feadily ab 
5 
are not ein жуы ы thus taken rd. 3n the fat Soluble ang 
ere i ju: 5l xar therefore their toxic effe aunts than the bod | 
On the " ed e 9 uble vitamins are stored i, es are rarely known 
the liver! soe R e taken daily. One large dose is : uc nts, mainly in 
the deficiency state. Repeated Intake in excess amounts of po To over come | 
causes severe toxic effects. nts of fat soluble vitamins 

For instance vitamin A ¡ Ў 


STequired for normal groy, 


RE wth, for visi i 1 : 
© Mucous linings of th Элп dim light 
little as 7.5 mg per day over a Period of 20-30 d s обу езу Ns taken as | 
cause an Increase in cerebra] Spinal fluid pressure ligada Ec and ird ES 
> шу. 
Many vitamins are labile and could be dest ' 
many washing or refinement of cereal grains so the sr cooking and Es 


(v) Mineral Intake:- ү norganic elemen 
energy/calories like other nutrients such as 
their role in the diet is equally important for 

» ing of tissues. 


Although living matter contain 


ts present in diet donot supply any 
carbohydrates fats or proteins but 
maintenance, building and rebuild- 


5 traces of all elements found in its 
surroundings, only 23 elements have been Observed to be essential for life; Out 


of these eleven are non metals (C,H, O, N, S, P, CI, F, 1, B, Si) and the restare 
metals (Ca, Na, K, Mg, Fe, Cu, Zn, Co, Al, Ni, Mo, Se). Not all of these elements 
have been shown to be required by all species, However, for instance * 
O, Na, K, Mg, Ca, S, P are of universe importance. — 
A, TT . GR 
Bones and teeth require ca Ic шп phosphor 

Production of haemoglobin an d cyto € Systi 
in thyroxine, the hormone of thyroid gland. In oth 
acid-base balance of the bod , and as co 
activate the metabolic Syste 


Eggs, meat, and cereals are 


and milk are common base o) 
foods, 


Many of these elements ar 
Fe^* Na*,K*,Mg?*, E 
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The conce 


ntration of these ions present in body are maintained 
narrow limits a 


х г : Withi 

nd small variations result in many abnormal biological functions 
The minerals are useful to maintain pH, osmotic pressure and act as ; 
antagonists. Requirement of the minerals varies from 100 mg Or more, toa 
micro grams per day. The elements required in microgram, are Gut. E 


fev. 
Ta 


(vi) Water Intake:- The daily intake of water is the most important item of 
the diet. Because an individual without food may survive for a month, but 
without water one can notlive more than 15 to 16 days. 


About 70% of the body weight is water, and weight remains constant from 
day to day, it shows that the water content of the body alsoremains constant and 


this concludes that the total water lost per day from the body is being balanceg 
by the water intake per day. 


The water requirement of the body per day is about 2.5 to 3 litres w 
gained from three different sources mainly fluids, food and the oxida 


stuffs, and the same amountis being lost through urine, skin (perspir 
(expiration) and faeces. 


10.3 CARBOHYDRATES 


S which is 
поп of fogd 
ation),lu ngs 


General:- Carbohydrates arc an important class of naturally occur- 
ring compounds which play an important role in our daily life, They 
were called carbohydrates because the early discovered ones con- 
tained oxygen and hydrogen in the same proportion as in water and 


could be representcd bya general formula Cx (ELO). But this definition 
proved to bc erroneous because: 


(а) Some compounds su 
drates but their formulae « 
Cx (H20). . 2 
(b) All compoun 
carbohydrates c.g. fe 
CH, COOH, [= С, H 
Now a days precl 
Structure 1s given c 
ar DODnvyarati 
they arc cither aldel 


p di. yv [| qe 


e v 
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iz Based on taste carbohydrates are 


i= These carbohydrates are swee 
soluble c.g. glucose, fru Обов бахса c t, crystalline and water 
ix These are ^ : "i 
water, c.g. starch, cellulose epe amorphous and insoluble in LM 


Sugars сар further be classified as, 
'ingsu i- Thesestigars reduc 
~ : CTOLLEN'S REAGENT d 
оа s E кала у - They contain free aldehydic or ketonte ко d | 
у ОН) group on the carbon adjacent to these $ 
groups, as shown below: 4 
Ketonic group | 
| 3 y fi 
elu y “CAM é 
7 EM d D NL. 
OH) Aldehydic group С OH) 


ples of reducing sugars are: all monosaccharides (e.g. glucose, 
oligosaccharide except sucrose. 


fructose etc.) and all 3 
Non-reducing sugars:- These sugars do not reduce Tollen's reagent 
or Fehling's solution because they do not contain free aldehydic or 
ketonic group with adjacent hydroxyl (-OH) group. O 
Examples are: One oligosaccharide (Ье. sucrose). 
All polysaccharides (t.e. star 

3) Classification based on molecu 
classification is based upon then 
orupon the number of simple su 
They are divided into three maj 
(1) Monosaccharides. — 
(2) Oligosaccharides — — __ 
(3) Ploysaccharides | 
(1) Monosaccharides (Simple 

| (Latin, Saccharum : 
| These are the carbohydré 
Into simpler carbohydrate unl 
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Those containing aldehydic group (-CHO) are called ALDOgp. 4 

1 

and those containing ketonic group (-c-) are called KETOSEg 
number of carbon atoms in their molecules is denoted by prefixa. The | 
tetr, pent, hex etc: thus glucose, (GH, Ов) contains 6 C, and tu, | 

aldehyde so it is called Aldohexose whereas fructose, (CoH ^n М 
contains GC but contains ketonic grouphence itis called Ketop 120) | 


h 
Examplcs of Monosaccharides are: 
И 
CHO сно сно (нон 4 
y CHOH (CHOH), га. P | 
| | 
CH,OH CH,OH CH,OH (CHog, | 
GLYCERALDEHYDE THREOSE GLUCOSE FRUCTOSE | 
(Aldotriose) (Aldotetrose) (Aldehexosc) (Ketohexose) | | 
| 
| i 
Hexoses are very important monosaccharides; of these glucose, | 


fructose, mannose, galactose are outstanding, 
Glucose also called Dextrose, is found in fruits and hon 


ey. It has an. 
open chain structure as well as closed chain structure. | 


- 


carbon (t.e. C-atom fi arthest removed from 
and side are cs -L2-Sufgars, and: n hydro 
zt hand side г 
Naturally occur 
plane of polar 
rotatory. A syn 
D(+) glucose iss 
structures whi 
This property 1 
The clos 
C No.1 is on 
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a AS : IGI s my 
^ La gi 


(-OH) group on C No.1 is on left hand si 
d &-1so 
mer 


I». ке 
І 
У \ 4 Luo] н 

i 
Hp ^C OH H 

oe - | 

; a | OH He € - OH 
Hd Od! ee "ex 4. f. 

| "- C ОЕ í 
Ha 4 OH d ТОСЕ Sa So СА! 

| EC OG ~~ E a 
a sc . 4 CH, OH D-configuration “CH, OH ON e 

l (+) Glucose B.D(+) Glucose 

ECH, OH 


a,D (+) Glucose 


Closed chain forms of glucose are also represented in hexagonal forms 
called PYRANOSE STRUCTURES as shown below: | 


«,D(+)glucose 


Pructose, a ketohexose Is al 
the plane of pola ized light і 


-—— 


| Medicos UD. = p 


Purpose; Le. It (5 LEVOROTATORY. It 1з simplest of ай Sugars 
Structures are shown below. Its ring structure 1s called FURANOSE 


Structure, 
CH,OH 
| Т 
Сев О “mm 
l c 
HO- C -H 
ED: FT 
l * 
[H- СОНЈ CHOH 
| D-configuration OH H 
CH,OH 
D(-) Fxuctose fopen chain structure] 5.D(-) Fructose (furanose Slucture) 


Galgttose, an aldohexose, not found in free state, isa part of milk 
sugar Tlactosc). It has same structure as that of glucose except that 
configuration at C No. 4 1s reverse. 


CH.OH 
Hi Y 


2) O Df na 
drolysis'produce 
rides, disaccharld 
the Joining of 
condensation prc 
Maltoge 15 obtalr 
Lactose (milk su 


Sucrose 
together through 
one in which a c: 
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a E LU m F 


в bond i.e. -= 
ingle Le CO-C-0-) it diters y ETHER LINKAG 
(-G-O-C-) in that, in the latter ерыла т 
4 : хун. , oined to two C-atoms). 
ns it Joins two or ees ar eoe EEG PA bee Poly-saccharides 
of glucose unit is joined to C-2 of uibus unit hence 


th | 
è ose and Lactose are given below: 


*CH OH 7 @~-glucose unit 
5 H 
O, 


es: 


“EN d 
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о 
5-1:4-glucosidic linkage 


H OH 
Lactosc 
Of all the oligosaccharides, only Sucrosc is non-reducing sugar 
— URN 


because: 

(a) It does not exist In open chain form 

(b) Carbonyl groups of both 1.e of glucosc at C No. 1 and of fructose at 
C No. 2 have formed, 1:2 glycosidic linkage i.e the carbonyl groups are 
not free to reduce Tollen's reagent or "Fehling's solution. 

Other oligosaccharides such as Maltose, Lactose, etc are reducing sugars I 
because they have at least onc free carbonyl group, as Lhey form 1:4 A 


giycosidic linkage. 


(3) Polysaccharidces;- These carbohydrates on hydrolysis producc 


more than 10 monosaccharide units. They are non-sugars, amor- 
phous and insoluble in walcr. They are of two types: 


u Animal Polysacchs ad in animlas. Ex: ple 15 
CIE EBEN "MM 
ring in muscles and T 
of glucosc. i 


VI Plant Polyss 
piants. Examples a 
Starch is found inc 
such as potatoes, S 
polysaccharides. | 
(1) Amylose in whic 
linkage. 
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glucose units are Joined by 1:4 as well as bare in which q, Dis) 


structural material of plants. 


Its purest natural form is cotton which 

contains 
also abundant In wood, flase, linen, paper. lts moe Cellulose. it 15 
about 2000 fi-glucose units jointed by 1:4 linkage Ne is made up cf 


E 
e 
E 
3 
Е 
8 
5 
| 
: 
g 
=. 


diet, get hydrolysed into glucose by various en 
Zymes present in 
digestive juices. Glucose thus formed ls transferred t 
blood. Now o cells through 
(a) Slow combustion of glucose in cell, provides energy necessarv for 


our body functions. 
CgH20 +60, — 6 CO, + 6H,O +2832 Ky. 


(b) The body stores part of glucose for rainy days in liver in form of 

glycogen. In case of emergency. like illness or fasting. glycogen 

hydrolyses to glucose, thus supplying necessary energy. 

3. Cellulose is biologically important for animals. Humans cannol 
digest cellulose because the enzymes required for their digestion are 


с; la; 


not present in our digestive Julces whi 
of animals. Hence animals use cellu 
food. 


10.4 AMINO ACIDS | 
DEFINITION:- Amino aci 


4 
AS 
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Those havin 


acids. E amino (-NH9 group on guna HÀ C, are е, 
Examples are 
a 4 “a 
GHa- COOH Cn, qH ~ Сос 
NH, NH, 
Glyeine Alanis 


A complete list of amino acids 15 given in table 10,1 
Table 10.1 : The structural Differences in Amino Acids. 
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Structure of R in H КАЙ, 
2 
Ц 
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ESSENTIAL AMINO ACIDS:-These are the amino acids Which 

be synthesized by our body but they are essential for Er t | 
Infants and Transmission of {mpulses ín the nervous system УА st ‘ | 
deficiency results in many diseases. They must be supplleg Е. x 


body through our diet, Examples are: 


l. Leucine 2, Isoleucine 
3. Methionine 4. Threonine PT 
5. Argantne 6. valine ete. "v. 
About 10 amino acids are essential. à P. 
| iz Amino acids have been classifled according to ther \ E 
neutral, acidic or basic nature. \ 


Neutral amino acids:- These exhibit amphoteric nature, These- 
contain one basic amino (-NH;) group and one acidic (COOH) group, 


Examples are: 
1. Glycine NH -CH.;-COOH. i Г “ ЕГ 


Po ib 


2. Alanine CH4- CH - СООН 


3. Valine 


4. Leucine (C 
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D» 
5. Isoleucine (CH3), CH- CH - CH _ 
| H - соон 


CH; 


etc. 


ACIDIC AMINO ACIDS:- They exhibit acidic nature. Th 
basic amino (-NH group and more than one acidic 


Examples are: 


€y contain one 


n 
1. Aspartic acid COOH - CH - CH, - соон etc. 


2. Glutamic acid COOH- in - CH; - CH, - COOH 
NH, 


BASIC AMINO ACIDS:- Thcy exhibit basic nature. They contain one 
acidic (-COOH) group and more than one basic amino (-NH) groups. 


Examples are: 


NH3 = aa 

| 4 

1. Arginine COOH- CH: чс 
y 


2. Lysine , ,COOH- CE 
“VIA 
DIPOLAR NATURE OF AMIN 
charged but overall electrically 
In amino acid, carboxyl (-COC 
proton (H*), whereas amino ( 
behaves as proton acceptor 1. 
more as dipolar ion 1.e. Zwitt 
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ы 
R- CH - COOH R- CH- COO 
NH, "NH, 
Neutral form ZwilLerion 


Due to the Zwitter lon form, amino acids are soluble in water b 
Insoluble In organtc solvents. They are solids. They have high melting 
points and donate or accept proton which they react with the medius 
in which they are dissolved. г 
PEPTIDE BOND FORMATION:- Thousands of amino acid molecu] 
condense together through peptide linkage forming proteins, The 
carboxyl (-COOH) group of one molecule of amino acid and amino 
(-NHJ group of other molecule of amino acid interact.by elimination 
of FLO molecule to form a product called PEPTIDE and the Broup 
.(CCO-NH-) is called peptide linkage. 


O 
[ 
H¿N- CH,- C- OH + H- NH- CH; - СООН ——¥, 


[ 
HN- CH, - | C- NH |- СН,- СООН +H,0 


Peptide bond : 

Protein is polypoptide i.e contains a large number of such peptide a 
linkages, L E 
ROLE OF AMINO ACIDS IN HUMAN BODY:- When food containing / | * 
protein is taken, many enzymes act on protein and hydrolyse it - 
completely into amino acida. After hydrolysis the blood receives the 
amino acids by absorption ti and carries 
them to cells where/one of take place: . 
(1) The amino acid; tein. 

(2) Oxidation may t ta 

(3) If the diet is lo: 
transformed into е 
body necessities. 


10.5 PROTEINS 


The most import 
and without that life 
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Proteins are a vast class of substance 
both structure and function, 5 of almost unbelievable diversi 
ESity in 


50 
d in laboratory, 


hates. Animals are unable to prep 
fore they are dependent on plants or оте 
tary proteins and do synthesize their o 


heir source of die. 
ganic molecules. 


Wn proteins from the simple or 


Other clements such as phosphorus, calcium, an 
constituents of the some specialized proteins. e.g 
milk contains calcium and phosphorus and haemo 

rotein necessary for the process of transportatio 
relative high concentration of nitrogen in protei 
fats or carbohydrates. 


d iron may be the essenti 

Casein, the main protein e 
globin is the iron containing 
n of Oxygen in the body. Tne 
n differentiate proteins from 


The molecular weight of the protein molecule varies from protein to protein 

depending upon 15 source, and nature. For instance the molecular weight of 
albumin obtained from egg is about 43000 and the molecular weight of the 
serum alburnin is 70,000 in general the molecular weight of protein ranges in 
between 34000-50,000,000 daltons, remember that 1 dalton 1 алал (ato- 
mic mass unit ). Amino acids may be considered as building units of proteins, 
When proteins are hydrolysed with dilute acids, a mixture of alpha amino- 
acids is obtained. 


| f ;= Proteins, according to the recommendation of 
1 1 and me! Te: 
joint committee of the American Society of Biological Chem wand Amg 


Physiological Society, are classified ase — — 


1, Simple proteins 2. Conjugated Pre teins 3.Der ved P 
of these groups are subdivided into several cas 
and chemical properties, like solubili 


1. Simple Proteinsz- All those 
aminoacids or their derivatives are 
classified according to.their differ 
albumin. — 

(a) Albumins:= These à 
precipitated from solution 
phate, Coagulated by heat, 
lactalbumin (milk album? 
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(b) Globulin;- The globulins are insoluble in water but soluble in (5 | 
aCl) dilute salt solution and are coagulated by heat. Insoluble in high 

concentrated solution at 30-50% saturation examples are egg, globulin, 


Serum globulin, myosin (muscle globulin) and amandin (almonds), 


(c) Glutzlins;z- These-proteins are insoluble in-neutral solution bu 
soluble in diluteacids and alkalis. Coagulated by hem, examples "s 
glutenin in wheat and oryzenin in rice. 


(d) Gliadins (Prolamfng);- These proteins are soluble in 70-8097 ethyl 


alcohol and insoluble in water or absolute ethy! alcohol. Typical 
prolamines are gliadin (wheat), hordein (barley) and zein (Maze corn), 


(e) Albuminoids:- The albuminoids are insoluble proteins in the sols 
vents mentioned for the above proteins and are dissolved only 
hydrolysis eg; keratin in hair, horn, feather, nails, casein and collagen 
(tendons and developing bones). 


2. Conjugated proteins; — Conjugated proteins are composed of simple 


proteins combined with non-proteinous substance. The non-proteinous sub- 
stance is usually called prosthetic group e.g Haemoglobin, cytochromes, 
lipoprotien. 


(a) Nucleo- proteins: - These proteins consist of basic proteins (Com- 
posed of basic amino acids eg; lysine and arginine)associatedwith nucleic 
acids, They are present in the nuclei of living cells and soluble in isotonie 
salt solution. These in true sense are not conjugated proteins because 
nucleic acids are not the prosthetic groups of the protein. 


(b)Glyco- proteins;- Such proteins are in combination with саг? 
bohydrate moieteis, including hexoses, hexosamine, hexuronic acids. For 
instance mucin in saliva and mucoids in tendon and cartilage. 


(c) > E at) | i f D a (Ad i a na ein rom mi a M Е: in 
egg yolk, are e | ch contain p orit 
acid in their str ww 
(d) Chromo- | due to their pros- 
thetic group ( globin contains 
haeme an irt contains 
tenoid pi 
(e) Lipo-pro 


lipoproteins 
cholesterol м 


are 


fs 


^M. 


> 
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У == 

jodas and proteoses ar 
Р dered as protein derivat 
ents and various physica] 
which result in above sy 


As the name implies the i 
, Protei 
€ not natural) curring Proteins 
Ives obtained by action of e cule ch vi 
methods applied on simple and coni 4 cal 
bstances of differen: Sizes, "i 
The proteins can also be classified 


Table 10.2 Classifi 


On the lines of their functions: 
cation of Proteins based On th 


eir functions, 


Biolo 
Th 


gical catalyst 
€y catalyze biolo 
Tcactions 


Amylase, protease: ep. i 
Sical | and trypsin,Catalyzes the 


Proteins in stomach. Lipase and oxido - 
reduciose 


n 


ctural proteins | Provide Structural sup- Collagen, Keratin €. proteins of 
Si port in tendons, bones hair, feathers, collagen e.g connec. 
and muscles, i 


tive tissues of muscles, silk, chitin. 


Store iron and other sub- 
stances» 


Transport proteins 


Ferritin stores ironin spleen. 


Bind and transport 
specific molecules in 
blood, like oxygen and 
lipids 


Haemoglobin and albumins, 


Respiratory proteins 
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- : i= The amino acids in protein m 
are ead through an acid-amide type bond, called peptide bond ч = 
A un © peptide bond is formed when the amino Боор attached to. Pude 
chu ne amino acid gets linked covalently with the carboxyl 5109р atts 
ma ee carbon of another amino acid through the elimination of wal 
d cule. This type of linkage is illustrated by the condensation of alanine 
and glycine molecules which give glycylalanine. 


Peptide linkage 
== me, 


ALE VW SV 


eo ge RE 
q A IEB*B|-N4C-cooH —— EX zh -C -COOH + 9 
| 1 
| NH, HH NH, нн 
Glycine Alanine 


Glycylalanine 


Since Blycylalanine is formed by joizing of 2 molecules of amino aces 
through a Peptide bond so it is called DIPEPTIDE. The combination of 
three amino acids will yield tripeptide. In this way when several amino adds 


are combined through peptide linkages,a substance so formed would be clf 
ed polypeptide. 


Polypeptide chains are unbranched chains and there may be more than 
polypeptide chains in protein molecule e.g. insulin has two polypeptide chains > 
Each type of protein molecule has specific chemical composition, molectlar. 
weight and the sequential order of the amino-acids united together. 

Molecular weight of water soluble Proteins is very high. 

10.6 LIPIDS ql 
Generali- Lipids 
occurring group o. 
property namely | 
of solvent cther (i 
They mostly con 
but some contalı 
TYPES OF -LIFI 
structures as: 
(a) Simple Lipida 
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(a) Simple Lipids:- 
(2) Waxes. They Include naty 


"e Oils and 
origin. They provide еп fats are or ther anima) 
cally they arc triester of piyee erent metabolite oen OT Vegeta, 
called triglycerides or trlacy] vor fatty acids poles. Chemet 
unsaturated carboxy C acids уя E chained 
obtained by the hydrolysis of одо ers 20 carton atoms: Tre Ot 
The main acids commonly forming olls and PEA are 
245 are: 


Palmitic acid 


CH, CO 
(1) Stearic acid Pe 


C71,.COOH 
CHCOOH 


Saturated 
Unsaturated (One 
double bond) 


(Iv) Linoleic acid C ,H3COOH Unsaturated (туо 
double bonds | 
(у). Linolenic acid Gr H¿£00H Unsaturate dil hrec ° 


double bonds) 


Essentlalfattyacidsare those fattyacidswhich our body can fot 
synthesize so they must be taken as diet. All essential fatty acids are 
unsaturated і.е 
(1) Unolelc acid (GH ¡0008 so 

(Ш Linolenic acid (G7H:£00H) © —— 
(Ш) Arachidonic acid (СНСООН): еіс 
The functicns of essential fatty at : 

(a) They prevent deposition 
(0) They help in reproduct 

Thelr deficiency results in (a 

ofeczema. “Мм. 

Oils are esters of glycerol 

linolelc and linolenic acid 

Fats arc esters of glycerol 

atearic acids сіс, 
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The general formula for olls or fats Lo TRIGLYCERIDES ia 
CH, ~ OCOR 
| 
CH=OCOR” 
| 


[Where R' and R" are higher alkyl radical 1 w 
having same or different number of ош 


When all the three hydroxyl (-OH) groups of glycerol arcesterifieg With © 
same fatty acid, the triglyceride is known as simple glyceride b». 
simple triacyl glycerol. Lc 


| DE 
CH; -0- [H + HO OC- СН CH; ES OOC- СН» тч, | 
| | D 


CH=0- [H+HOJOC- cH, ———— CH-00C- СН, +3н;0 Ў 
| | No 
CH; -O- |н + HdOC- СН CH, - OOC- C;sH3, = 


Glycerol Palmitic acid (3 moleculcs) Simple Glycerldc (Tripalmittn) b | 
(A wax) - 


When all the three hydroxyl (-OH) groups of glycerol are esterifled by | 
different fatty acids, the triester Is callcd mixed glyceride or mixed 


triacy! glycerol, cxamples arc: | | / 
d - Р ' / 
Cias DA ; 


“RA 


( 


CH, - 00C 
| = 

CH-OOC= 
| 

CH; - оос 


Olco-palmil 


An ordinary oll c 
glycerides. 
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r, ng oils: Drying oils contain large number of 
| o 


up forming peroxides which then polymerise to form a dry, hard 
, har 


tough filin. 
Non-drying oils contain negligible amount of glycerides of unsatur- 


ated fatty acids. | 
Rancidification оѓо and fats:- When oils and fa 

| ts are left exposed 
to warm, molst air for a long time, they give off offensive ode and 
become oll-taste. This process is called rancidification. Rancidification 


| ( i) hydrolysis of ester link | | 
' 5 duc to ( г inkage to give original fatty acid of sou 
| taste, and (il) Oxidation at double bond forming volatile тга тч, 


bad odour. 

Saponification of oils and fats:- Hydrolysis of oils or fats on boiling 

| Na KOH) to form sodium or i 

. potassium-salt of long chain fatty: P) alc yc sf. 

called Saponification. It is the fever Jon of. 

1 C l. Jj 

Ely: ài 0 О 

De 


CH -Q-C-R- 


"n 


CH -O-C-R + 3NaO 
| O 
t 
CH,-O-C-R . 
Triglyceride (oil or fat). 
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Analysis of otis and fats; uality and purity of 
by the following wenn Quality and purity o an oll or fat is jug 


ix It is the number of milligram of KOH requ " 

acids іп one gram of oll or fat. red to 
i= It is the number of milligram 

required to complete saponify 1 gram of oil or fat, of коң 


i= Itisthe number of grams ofiodine absorbed by 109 


neutralize frec 


EM. of oll. 


(2 WAXES: Waxes are naturally occurring esters of long 
carboxylic acids (С сог greater) with long chain aleohols (Cor greater 
They are low melting solids, having a waxy feeling. ` 
They arc of two types: 


W. i= These are simple lipids. Commonly found true waxes 
are: 
(1) Bees wax СН, - COO - C,,H,, 
(11) Spermacetic С.Н, - COO ~ C,¿H,, 


(from oll of sperm whale) _. к. 
i - = They are esters of cholesterol, vitamin A and 
Vitamin D. Waxes usually form protective covering in plant and 
animals. They protect living organism against bacteria and insects, 
{B) Complex Lipids:- These lipids are also known as CONJUGATED 
LIPIDS. These are esters of glycerol with two fatty acids (which may 
be saturated or unsaturated) and some other compound suchas ў 
carbohydrate, amino acid, amine derivative, phosphorle. acid / 
(15 PQ,) residue, protein, etc. . | ' 
Shnplest, complex | 
rivativc of glyce 
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Three major types of phospholj 
) LECITHINS (ll) CEPHALINS (uy Sra 


uman body 
(Ш) s Bre: 
structure of lecithin 1з shown bel S UNGOMELINS, 


CH4-COO- Ciz Ha 
І 


CH -COO- C,, Has 


Ets 
CH (АР - о-сн.-Сн,-Фнуќн, 
l x 
on CH 
(Lecithin) 


The carbohydrate derivatives of lipids are called GLYCOLIPIDS, 
The protein derivatives of lipids are called LIPOPROTEINS. 

Most important function of phospholipids is participation in the 
formation of cell membrane. 


:- Steroids are the non-saponiflable lipids which contain | 


the following ring system. 


cu, CH 


OH 


Some of thc common sterolds are: 
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10.7 ENZYMES 


A class of proteins which catalyze all types of repre reactions, sue 
as digestion, respiration, muscular contraction and metabolism taking place in 


the living organism, arc called enzymes. 

Thesc Biological catalysts do not only accelerate the rate of reaction, but 
also drive a reaction to completion which normally does not OCCUF at room 
temperature. For instance conversion of starch into glucose in the laboratory la 
only possible when it is boiled with hydrochloric acid solution while. 
‘amylase’ convervstarchinto plucose at room temperature without the help of 
acid or heating. 

Enzymes are only synthesized by the living cells and do not necessarily 
require cells for their reactions. 

Enzymes are catalysts because these modify the speed of a reaction and do 
not appear as the part of a product. At the end of the reaction these аге 
regenerated unchanged and take part again and again. | 

A reaction before it can proceed, requires some form of energy, it máy be 
heat which is provided from the external sources, is called energy of activation, | 
Enzymes lower the amount of activation energy far more efficiently than the 
inorganic catalysts and therefore, catalyze the reaction at lower temper - | 


ature. 
For example 18 K cal/mol of H,O, is the activation energy needed to 
decompose Н, O, into H, O + + O, in absence of catalyst. This value islowered 
down to 13 К cal/mol in presence of iron; and 12K cal/mol in presence of 
platinum. Where as enzyme 'CATALASE' obtained from liver, reduces this 
energy to less than 5 К cal/mol of H,O, and catalyses breakdown of Н.О, in 
H,O = O, at room temperature. | 
All biological reactions are enzym ‚ catalyzed even the biosynthesis of an 
enzyme by living cell is catal) | MEL (C 


Some enzyme require. 
catalytic. activity. Cofactor 
prosthetic group) or may 
ions. 


Several different enz 
such families of enzymes. 


Certain enzymes are 
zymogen or proenzyme e 
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Nomenclature The sy 
substrate of that enzyme. Peres ON which the e acts is called 
systems are named after the Substra seg rding to trivial em 
the substrate e B Sucrase for dere by adding’ ` 'menclature 


respectively are protein h на, trypsin, present in stoma 

$ ydrolyzin omach 
retained as such. How 4B enzymes and their tr 
"Proteases", Wd according to general analogy, 


The naming of individual 


to this system, the commie nature of enzyme catalyzed reaction. According 


the name of reaction Catal 
yzed by the enzyme instead of its substrate e. 
Dehydrogenases, that catalyze dehydrogenation of their substrates. - 


qi, Lactate CH 
H-C-OH Bee ! C= О 
COO ; COO 
Lactate Pyruvate 
Oxidases:- Enzymes that catalyze oxidatior ir substrates. — Ny | 


into their substrates. 


Hydroxylases:- з arymes tat : 


e.g CO, + HOH 
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v 
: i= Enzymes that catalyze the incorporation of 
Into their Substrates, T e ESED "ын Molecule f 


Transf, es:- E 


between two substrates. 


nzymes that catalyze the transfer of a Particular gro 
ification:- According to the recommendation by the com 
enzymes of the Inte 


rnational union of Biochemistry, à classifi 
enzymes is establish 


mission On 
ed on the basis of the type of the reaction 
enzymes, 


Cation of the | 
catalyzed by the » 


Enzymes are divided in six major groups or classes, as given below: 


q | i 
(1) Oxido-Reductase;- These enzymes catalyze the Oxidationand reduction 
reaction, 


Alcohol dehydro enase 
e.g CH,.CH,OH -——— -ApEenase | 


CH,.CHO 4 
Ethyl alcohol Acetaldehyde 


(2) Transferase:- These enzym 


es catalyze the reaction of group transfer. 
from one substrate to another, ә 


Carnitine acetyl 
e.g (i) Acetyl-COA + Carnitine Z transferase — 


COA + Acetyl éamitine 


(ii) L-Asparticacid " 


(3) vC -olase: 


e.g (i) Amylo 


(ii) Proteins . 


(iii) Lipids - 


Threonine aldolase 


Y А p эш Gl ` 
ate Acetoacetate d yane + Acetaldehyde 


ES s A Acetone + со, 


сас!с Partate ammoni 
ИГ EN" —— — Fumerate PNH, 


mes catalyze the reacti А А 
еаспоп of isomerizati : 
аг rearrangement occurs. Tization with 


| Alanine racemerase 
tay, D- alanine ' 


ADP Glu 
= í. ADP - Galactose. 


epimerase 


, ] ese enzyues catal e the reaction of condensation of two 
energy derived from cleavage of other molecules such as ATP 


Y - b > 3 I l 
) 4 CO + ATP A i Oxaloacetate + ADP 
SA 2 


LA A Т -COA carboxylase ( 
O +ATP A — Malo COA+ADP 


л Э 


& i a 
Wi de > 


inactive by any treatment that coag - 
4 salts of heavy metals and 


| activity of an enzyme Le. 
коре re would also destroy 


gl! A . : i »roteifi erry) 
к A Ф ; E | Ф EL 
+ she active centre in protein 


nes with the substrate à 


molecule of 
nd starts the 
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reactio Í 
with iden » catalyzed by the enzyme, Similarly this active centre | 
© other substance which is not the real substrate could 


{combine 
activity temporarily or permanently. 


destroy the 


3. Asitis observed and as mentioned above that every substance has fts 
enzyme to catalyze its change, therefore enzymes are supposed to be spe 
for a particular substrate. For example lipase will hydrolyse lipids and е Me 
effect on carbohydrates or proteins, ac 


| І The Rate Of Enzyme actioni- Temperature and pH 
of solution are important factors which control the speed of reaction. 


ge Se _ 


1. Every enzyme has optimum temperature at which these show the maxi. 
mum activity and most of the enzymes present in body show their Optimum 
(maximum) activity between 37°-50°C, beyond this temperature enzymes lose 
their activity permanently. However at lower temperature enzyme does lose itg 
activity and will resume its activi ty when its temperature is again raised, 


2. pH: The hydrogen ion concentration also influences the rate of catalytic 
activity and therefore every enzyme has its own optimum pH at which these 
show maximum activity. For example the optimum pH for pepsin is 1.6, while 


trypsin shows optimum activity at pH 8.2; which are provided to the enzymes in 
stomach and in intestine respectively. 


3. Other factors, for example, enzyme concentration, substrate concentra- 


tion, nature of the products formed, presence of certain ions, effectively control 
the speed of reaction. | 


10.8 VITAMINS 


Vitamins, also call 
quite different from 
available to the body; 
transformation and 


Vitamins arc effec 

in the body and ; 
However, the excepti 
pre-cursor carotene, 
The bacteria in the in 
can synthesize vitam. 
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Vitamins аге different from each other in 
: their ch 
function and have been synthesized or isol emical compositio 
sources. R ated from their plant or d 
vitamins are chemically unstable under : 
oxidation (especially in alkaline medium) strong aede nain 
their activity. | 
Nomenclature:— Vitamine, a word derived fro 
Е т (Vital + Amin . . 
all these substances were not amines, therefore Mecollum pro N =н 
nology vitamin by dropping (e) from vitamine, posed termi - 
Originally these substances were commonly kn : 
such as vitamin A,B,C,D,E,K, nly known by letters of the alphabet 


After understanding the composition dd chemical structure | 

j of these 
vitamins, their alphabet nomenclature is being replaced by their chemical 
names. | 


Classification:z- Vitamins are classified on the basis of their solubility. 


T The vitamins which are soluble in fats or in fat solvents are called fat 
soluble vitamins and are usually formed associated with lipids of natural foods. 
Vitamins A,D,E, and K are examples of fat soluble vitamins. 


vitamin and are observed in the juices of fruits, their examples are ‘B’ соң 


` Vitamin — A (Retinol) 


2 The vitamins which are soluble in water are known 2s water soluble. 
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Vitamin A is absent from vegetable oils and fats c.g olive Oil, linseed .. 


sunflower oil, ground nut oil. Margarine made from these oils is Suppleme 9 


vitamin A during its manufacture. e 
In plants vitamin A occurs in a precursor form as provitamin Иа 

precursors belong to a family of pigmented hydrocarbon called carotene $ o 

B-Carotene,the hydrocarbon is most active physiologically and two Molecules 1 gi? 

of vitamin A, in.an alcohol form, are derived by cleavage of the hydrocarbon ar 

the central bond. E 


2C, H, OH 


C, H,, + 2H, O 


Carotenes are found in green vegetables and carrots. These are converteg | 
to vitamin ‘A’ in tbe intestinal tract of animal. ‹ 


A deficiency of vitamin ‘4.’ causes night blindness in early stages аў. 
ultimately leads to xerophthalmia. > 


Daily requirement is around 1000 ug of retinal. 
Ihe main function of vitamin ‘A’ is to form visual pigment. It transports - 
nutrieats across the cell membrane. Vi, 
Vitamin ‘D’ (Antirachitic):- Chemically, vitamin 'D' is related to sterols) 
The active vitamin was proved to be calciferol which could be formed fromits 
provitamin ergosterol, a plant sterol, by the ultraviolet rays irradiation. The 
provitamin in animals was shown to be f-dehydrocholesterol, which upon 
irradiation gave rise to vitamin D,. > 


j 


a 


N 


\ 


HO 
Calciferol (У 
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It is crystalline in nature ang ax 
ps em body. If the dist. ioi e metabolism of caj ¿ta 
depletion Ae ee and phosphorus takes pi Supply this vitan ae and 
causes teet? jecay, 30 tness of bones, continued Pe: f Defici of en the 
known as Rickets". Because of thi reason, this ciency leads to the аа 

der | amin D are al ES of grow 

thickening of bones and calcification ofj - i anl and cause ogg h of a 
MP „ pn °з, ` | 
Daily requirement of vitamin "D'is75 al, Y a 
vitamin ^D' are fishoil, liver, У. tgof Calciferol The main sources of ГЫ 
V "s iz Like vitàmi ч E r 

* n ы d m LET . A Ё 
fat solvents and insoluble in water, It is res = x: ча. (pte 2a ү | » 
easily oxidized and destroyed by ultraviolet rays. upto 200%) but fairiy і ' 

CH, 


~ 


H.C ^N en, 
i CH-R | RSCH.-CH..C é 
HO A 2 =й A a eee à 


CH, CH, - CH 


o^ 


a= Tocopherol 


: 


С The presence of all three methyl groups attached to the benzene sing É 
necessary for its full activity. . 


"Dietary requirement per day is 10m -— 


Vitamin E is found in green leafy 
requiredfor the maintenance of cell; 
ofthe muscular and vascular system 


Жыш одан. С and dec 
атл 'K*(An | 


alfalfa and fi on pu . 


> 


| as н «x 
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Dietary requirement per day recommended is 70-140 ug This cous be 
acquired from green vegetables. 


It helps the synthesis of prothrombin and other blood clotting factors in livez 
Its deficiency causes the failure of blood clotting mechanism. l 


, A group of water soluble vitamins Cate frr 
liver, yeast and other sources are found effective for BORER, and ‘ite 
reduce sugar content in diabetes, help in treatment of the vatious inferius 
and are collectively known as vitamin 'B' complex. 


The nutritionally important vitamins acquired by the body, through various f 
sources of food are B, „В, В, Niacin or Nicotinic acid, and vitamin Bi, (Cyan. “ 
ocobaltamine). | 


Jhiamine:- (Vitamin B,, antineuritic factor, aneurin) Chemically, vitamin. 
B, is made up of pyrimidine and thiazole residues. 


Thiamine (B, ) is pn 
is very small. It is abu 
fruits and legumes. : 
present in these fooc 

Vitamin B, is us 
lism. Its deficiency lt 
digestive disturbana 
recommended is 1.1 
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Riboflavin (Vitamin В.) or Lactoflavin: Ri La / 
has the following formula boflavin is also called vitamin B,, 


GH: CHOH -CH -OH -CHoy ‘CHOH 
NON 

H,C “o 

XX X m 

ef 

О 


Riboflavin (6:7 dimethyl —9—р— 


Pribitylisoalloxazine) 


y 
; din milk, egg, liver, leafy vegetables, whole meal flour, fish poultry, j 

CE relatively heat stable but destroyed by light and disappears from | , 
Po when it is kept in sun light. 


deficiency leads to inflammation of the mouth, tongue and also causes 
asc: anaemia and shapes poor general health. 
eye 


Daily requirement is prescribed as 13 - 1.7 mg. 


j it be idoxine and is wid- 

itamin B,:- Vitamin B, chemically it belongs to pyri d is wid 

ce enfe * is \ аа an d animal tissues, cereal grains, wheat grains, milk 
ely шып 


and eggs. 
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Liver, meat, 


yeast and peanuts are the good sources of nicotinic add. n: 
Stable towards h Ad. tt ig 


cat, light, acid and alkalis. 


Its deficiency causes mental disturbances, diarrhoea, skin lesions pella 
(gastro intestinal) disturbances, T 


Daily requirement of Nicotinic acid is suggested as 14=19 mg, 
Vitamin 5 d):z It isabundantly found in most of the fr 
such as orange, lemon, grape fruits, straw berries and guava. In veget 


present in tomato, cauliflower, cabbage and potatoes. It is absent in 
and fish, 


esh frui 

ables ў js 
meat, egg 
Iris soluble in water. It is casi ly destroyed by heat and oxidation, washing of 


vegetables and improper cooking specially in materials of iron, copper. Quick 
frozen food does not destroy vitamin C. 


" O wm “UA ъч. 


Deficiency of vitamin C lowers the body resistance to infection and causes 


bleeding of tecth. Its deficiency in severe cases causes anaemia and Scurvy, = 


Chemical formula is C, H,O, 
Structure is as follows, 


| e ` 
C-OH d 
C-OH S Se, HA, ы 


Ascorbic acid 


Functions= It is e 
stances in variety of tig 
healing of wounds and 


` 


orptioh of iron. d 


10.9 DIGESTIO 
The food of ani 
substances such a 
stances as such cant 
our body mechanisi 
simple absorbable fc 
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Digestion:— It is the Process of br 


and chemically into Simple w NE down of food 
absorbed into the body пане ater soluble units, Suitable Сау 
In human digestion anda being 


bsorpti 
canal which is about 9 mcterlon g. Lm digested occur in the alimen 
the gut no d mainly is the enzymatic hy drolyste oar within 
erent parts of alimentary canal perform their ood, 
in digestion as follows: SPeclficacyon 
a) Digestion in mouth (Buecal di estion):. ww 4 | 
starts já mouth. (ыл а and chewing of The digestion of man 


food by te | 
food Into smaller particles ang the tongue b У teeth break the 


ine fluid Containing 90% 
water, a lubricant MUCIN and enzymes AMYLASE also € 


PTYALIN. 
The saliva performs the following functins: 


(i) Itdubricates the food. | 
(ii) Its enzyme PIYALIN hydrolyses starch to maltose. 


Sta$ch — bee" mMáltose ! 
pH ы 7 ! 


No digestion of lipid and protein occi rs in mouth. 
tongue and cheeks mould the foodinto'a ball (the bolt 


Stomach. 


чї 
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b) Digestion in Stomach (Ga 
first region of gut where any signi 
It I3 a muscular bag with inne Г 
MUCOSA which secretes GASTR 
() O.5 96 HCI coa 
(Ш) Enzymes: (a) Inactive PEPSI 
(b) Gastric LYPASE -" 
(c) RENIN only in young аге 
(Ш) Lubricant MUCIN, It lubri 
from corrosive action of HCl. 
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M^ 
(a) It Hydrochloric acid performs thc following functions: i. 
(b) It Provides necessary pH (1 to 2) for enzyme action. not 
(cit ae a nane e and kills bacteria present in food. | e : 
es inactiv | 
PEPSIN. с enzyme, PEPSINOGEN to its active form, 


(d) It dissolves collagen, splits nucleoprotelns and some other compl 
molecules and makes the food soft. UNS 
i iv ion of gast ісе: Except for a limited hydrolysis of 
sucrosc, no major digestion of carbohydrates takes place in stomach 
Enzyine lypase acts upon small amount of lipids to produce 
saturated fatty acids and glycerine. Duc to low pH, lypase can not play 
any important role in hydrolysis of fat. 
Enzyme PEPSIN commenccs the breakdown of protein into 
simple proteins i.c Proteoses and Peptones called Polypeptides, 


Protein + H,O —75*— Proteoses + Peptones : 


RENIN is active in stomach of babies. It changes soluble milk 
protein CASEINOGEN into insoluble curd protein, CASEIN which. 
then combines with calcium ion (Са) in milk to form insoluble 
semisolid CALCIUM CASEINATE. it is then converted to POLYPEP- 
TIDE by thc action of pepsin. \ 


ALCIUM 
CASEINOGEN | CASEIN ca . CASEINATE Pepsin POLYPEPTIDE 


(Solublc) (Insoluble) 


The churning moveme 
mixes the food with gastric jui 
called CHYME which grad 
periodically allowed to lea 
TER muscles. 


ts of the 


Digestion in small 
num is the first part of 
It receives three digest 
(i) ^ BILE from liver. 
(Ш PANCREATIC J 

(Ш) SUCCUS ENTE! 
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да 
i= Bile fs an alkaline ( 
pH 7 to 8 
а pec 5 no enzyme. The digestive commer fluid duced b 
contain (a) Sodium glycocholate (b) il are BILE 
(с) NaH СО. Functions of bile are: Sodium ais. 


(à It neutralizes the acidic chyme. 


(b  Itprovides alkaline medium for 
juice and succus entericus. action of enzymes of pancreatic 


() It emulsifies the fats, otis, lipids chan 
small droplets thus Providing large surface | 


REA ICE;- This juice 
functions are as follows; Julce contains four enzymes, Their 


(а) Pancreatic amylase: It completes the conversion of Starch to 


maltose. 
'ancreatic lipase:- It changes lipids to glycerol and fatty acids, 


(ci Trypsin;-1tis produced In an inactive form trypsinogen. It changes 
peptones and proteoses Into smaller polypeptides. 
(d) Pcptidases:- It releases free amino acids from polypeptides, 


иссив ricus:- It contains following enzymes which com- 


plete the process of food digestion: 
[в] Etercokinasc:- It activates.trypsinogen and changes It to active 


чар 


form trypsin. 
[bLErepsin;- It changes rem 
tides) to amino acids. 
(с) Maltasc;- It converts mal 
[d) Sucrase:- It hydrolyses s 
[c) Lactasc;- It changes milk 
[n Nuelcase:- It converts DN: 
and different nitrogen bases 
i 


a y 7 
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piget ABSORPTION OR Ass 
er digestion, the w 
glucosc, fructosc, fatty acids € simpl 
» amin Ple form 
the walls of small and large intestines 1 S Blycerols is З Of food ta 
absorption or assimilation, nto blood. This proce, 3 through 
Cali 


omach P 
= Water, glucose, ethanol 


minerals and.certain drugs 
ma 
and activo transport Into cells i) ev is by Osmosis diffusi n 
te stomach, i 


(lymph vesscls of villi). The monosacchari 

{ arides mainly бїл] 
AMINO ACIDS arc directly absorbed into the blood шый ыы у, d 
асійзала GLYCEROL enter the lacteai vessel. Mineral saits vi E id 
and water are also absorbed by small intestine «Vitamins 


lA in 1 intestinc;- Water absorption takes place in 
of rakions. 


the COLON region together with active intal of certain minera 


AM 
TES, PM ш: Ma AE 
iginal saliva, ¢ > Bile anc 


nm o 


Most of thc water present in | 
panercatic Juices is recovered by absorption here ii 


P" am 
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ASSIGNMENT | 
1. What do you know about Food and Nutrition? Explain the balanceg and y 


unbalanced diet. Illustrate the effects of unbalanced diet. 

2. Illustrate the elements of nutrition. 

3. Give important uses of water and minerals. 

4. Define monosaccharide, disaccharides and polysaccharides. 


5. Give the structure of monosaccharide and identify the compound as aldote 
ketose. Ve 


6, Draw the linear structure and ring structure of glucose. 
7. Enlist three hexoses and one pentose that play important roles in human, 
8. Write and differentiate the ether linkage and glycosidic linkage. e 


9. Define reducing and nonreducing sugars. Why lactose and maltose are 
reducing sugars and sucrose is not? 


10. Define the following terms and give examples of each: 


(a) Simple proteins (d) Amphoteric substances 
(b) Conjugated proteins (e) Peptide bond d 
(c) Amino acid (f) Essential amino acid, 


11. How can an amino acid act as buffer. 
12. Write the general structure of an amino acid. 


13. What are the functi 
proteins is esse 
14, Use your own wo 
each: s 
(a) Simple lipid 
(b) Compound li 
(c) Saturated and 
(d) Wax 


(e) Triacylglycer 
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15. Write the equation fort 
triglyceride, 
16. Define essential fatty acids. 


17. Differentiate the following: 

(i) Simple and compound lipids 

(ii) Simple and mixed triacylglycerol 

(iii) Saturated and unsaturated fatty acids. 

(iv) Saponifiable and nonsaponifiab]e lipid, 
18. What are enzymes? Illustrate its nature of catalytic activity 
19. Discuss the nomenclature and classification of enzymes, | 


20. Explain the effect of vario ) 
à а us factors which influence the rate of enzyme 


21, Name and classify the vitamins. Why should di , 
vitamins be carefully controlled? pd dietary intake of fat soluble 


22. Name the vitamin whose deficiency causes each of the following di 
and give their dietary source and daily requirement: PASA 


(a) Pernicious anaemia 

(b) Hemolytic anaemia 

(c) Rickets 

(d) Scurvy 

(е) Pellagra 
23. Describe fat process by which са 
breakfast of half fried egg and t 
24. Why the excess food ‹ calori 
glycogen or proteins —— 


25. Differentiate: (i) Gastric di 
juice and bile. — 


he Saponifi 
ication by NaOH of triacyl gl 
YCerol or 


| 
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CHAPTER 11 


CHEMICAL INDUSTRIES IN 
PAKISTAN 


11.1 FERTILIZERS 
Fertilizers are mostly inorganic salts | and contain elements such as nitrogen, 
phosphorus, potassium eic, which are very essential for the growth and devélop-— 


ment of plants. 
The yield of agricultural crops can be increased by introducing 


fertilizers to the soll. 


fertilizers include manures and peat etc. Mi 
mineral raw materials. Below д! 
(i) 


ment; e.g urea, 
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(iii) Phosphatic Fertilizers:- Such as super phosphate and triple phos- 
phate. The raw material for these fertilizers is phosphate rock or phos- 
phorite, [Са,(РО, ), ], CaF, which being water insoluble can not be 
assimilated directly by the plants. Therefore it should be converted into 


soluble form before it can be taken in through the roots. 


Super Phosphgte;- It is obtained by mixing phosphorite with sulphuric acid 
in special ehambers. Following reaction takes place: 


Ca,(PO,), + 2H,50, — Ca(H,PO, ), + 20280, 


Calcium Gypsum 
di-hydrogen 
phosphate 


The mixture of primary phosphate Ca(H,PO, ), and gypsum is known as the 
super phosphate. It contains about 18-20% of assimilable PO.. 


Пре phosphate:- It is obtained by decomposing phosphorite with phos- 
phoric acid. A | 


Ca,(PO,), + 4H,PO, ———— 3C«(H,PO,), 


Triple: phosphate contains about 48% of the assimilable P O (abo 
times that of ordinary super phosphate). 2/20 


Pakistan is basically an agricultural country. The gove 
ensuring timely availability of right type of chemical fertiliz 
all crops: This has becna major factor in achieving selí=suffi 
during the past five years. In fact, Pakistan is novenly able 
ments of nitrogenous fertilizer but is exporting it as well. In 19 
345,000 metric tons. of surplus urea-and another 457,00 
1984—85. - — 

Pakistan is now importing only phosphatic a 3 
1984-85, approximately 564,000 metric tons of D 
tilizers were imported to meet the requirements of farmer 
required reserve. 1 


_ 


arf" 


\ 6. Dawood Urea P] 


11.2 DETERGEN 


Detergents are s 
with long chain mole 
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A general review of fertilizer si 
and June 1985 js given as under: 


Local Production 


Off take April 1983 
to June 1984 


tuation in the country between April 194 
4 


The important fertilizer factories of Pakistan are enlisted below:- 


1. TSF Plant and urea fertilizer plant, Hazara. |\ 
2, Faisalabad Fertilizer Ltd. 


3. Pak American Fertilizer Ltd. at Daud Khel. 


4. Single Super Phosphate Plant at Jaran Wala, 
5. Natural Gas Fe tili: r Fa 2 ii "— 


>< 


7. Dhariala Potash 
8. Fauji Urea Соп 
10. Urea Plant, M 
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^ed P ing soluble compounds in which dirt and greasea 
ied aw Te readiiy 


HERR 


Allthe deter 
dc cd gents have the same basicstructure. They are made 
(i) Hydrophobic (Water repelling) 
(ii) Hydrophilic (Water attracting). 


Hydrophobic partis the long hydrocarbonehain which 


is ^ 
Being nonpolar in nature, it attracts oil and grease which covalently bonded, | 


arc also nonpolar, 


RN part is small ionic group like sulphonate (SÓ, )), sulphate 


(-O- A ) quatemary ammonium groups (NR, ) ог hydroxyl groups i 
(OR ). (In a soap this group is carboxyl, COO). 
EC ЧУ а. PR FR VS 
Soap і P 
CH, CH, CH, CH, “соб CO Na 
i 
EG CH, CH, a УЧ 
Detergent oí w Ud cH, b 0- SO, Na 
-—— ——- Hydrophobic Hydrophilic 
(Hydrocarbon end dissolves in oils) (lonic end dissolves 


in water) ы 


The essential characteristics of soaps а 


of water with nonpolar substances suc y 


A detergent removes dirt very eas 
pound. The hydrophobic part of the de 
being nonpolar). The hydrophilic part 
being polar) so that sli duh agi 999 ri 
with the water alongwith dirt. — 


The calcium and magnesium: salt: 
corresponding salts of soaps are inso 
uscd in hard water and there is no wi 
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vun are thousands of detergents which are used as washing Powders 
= E iquids. Specific detergents can be manufactured for а particular 
pose by using a certain kind of hydrocarben chain or by inserting more than one 


ionic groups, 
Pakistan has developed a large detergent industry and detergents are Sold 
e under various brand names like Brite, Surf etc. 


One disadvantage of detergent over soap is that hydrocarbon chain, unlike 
those.of soaps which are derived from food substances (fats and oils) cannot be 
broken down by bacteria and dispersed. 


11.3 GLASS 


Glass is one of the most important artificial silicates. Ordinary soft glass or 
soda glass is a mixture of sodium silicate (Na,SiO,) and calcium silicate 
(CaSiO. ). It is produced by heating sand, soda (Na,CO, ) or sodium sulphate 
and lime stone (CaCO,) in a furnace at 1400?C. 


‚ + SiO, == Na,SiO,.., + CO, o 


Na,CO,,, 


CaCO, + 510, ————= Casio, + CO 


3 (1) 2(g) - 
] Or 


Na,CO, + CaCO, + 6510 —— 2CO, + Na,O.CaO.6SiO, 


stone. The refract 
of soda. This is 
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Pyrex glass isa borosilicate mixture whi 


in place of some of silica; this glass can wit 
ture. You must have seen pyrex 


glass has a very low coefficient of expansion i.e į 
Pyrex glass is not manufactured in Pakistan, Смола ae when heated. 
adding certain transition metal oxides, For exam eee 


le CuO i 
dark blue and Cr, O. green. Additi P © CuO gives light blue, Co 
coloured gae ° green. Addition of selenium oxide and zinc oxide pives reg 


Position in Pakistan:- In Pakistan there arc about 25 glass Industries 


bout 75,000 tons of glass 
; per year. Now аа 
there Is definite Improvement In the quality of glass Ne 


The names of some of the glass producing factories are:- 
(1) Indus Glass Work, Hyderabad. 


(I) Toyo Nasik Glass Factory, Lahore. 
(il) Khawaja Glass Works, Khyber Pakhtunkhuwah. 


11,4 RAYON (FIBRE) 
Rayon 15 considered as the man-made fibre. A French sctentist 


“Chardonnet”, discovered It tn 1884. He was investigating the silk worm 
disease. Rayon 15 a fibre obtained mechanically from silk worms. The 


starting material Is cellulose. The silk worm on mulberryt e cats 


cellulose, digests it and changes it into silk wk 
viscous. form and solidifies on contact 
thread. Man does the same wi 
mechanically. 


The term rayon is the name gi 
manufactured from cellulose such 
silk, viscose rayon ete. 5 

Viscose Rayon is manufact 
sodium hydroxide solution. Whe 
solution, a mixture of sodium cel 
NaOH, 


R-OH + CS, + NaOH © 
(R = Cellulose) 
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Die to very high viscosity, the silk thus obtained is called viscose rayo 
solution is forced through a spinneret into H,SO, bath where cellu Ms 

" > do " nr ef т . 2 O s 
precipitated ns fine threads. Ihis artificial silk is cheaper than cellulose Pox E 
: "EC Lata 


silk or nitrocellulose silk, 1t is produced inthe largest quantity. 


Synthetic fibres arë the man made polymers which. consist of mae 
molecules (Poly = many; macros = parts), The polymers are built by mi 
together of many smaller units called monomers. This process le called 


polymerization. 

Synthetic fibres are usually prepared by condensation polymerization in 
which linking of two different substances occurs with the elimination of Water 
lie resulting polymers are known as copolymers. The examples of important 


synthetic fibres are Nylon, Rayon, Dacron, Terylene etc. 
Nylon; Chemical structure of nylon is not similar to that of material silk 

but resembles it to certain extent. Tt is made of diamines and dibasic acids which 

can be synthesized from the common raw materials i.e coal, water and air. 


Nylon is the type of polymer in which amide linkages (-CONI-) hold the 
chain together. Nylon 6,6 is a condensation polymer of hexamethylene diamine 
with two amino groups and adipic acid (hexan dioic acid) with two carboxyl 
groups. The name Nylon 6.6 is also derived from the fact that both the com- 
ponents.consist of six carbon atoms each, Elimination of water forms the amide 


linkage, 


COOH.(CH,),.COOH ——— 
Adipie acid 


NH (CHN, + 


Hexa methylene- 
diamine 


[-NP(CH, ),. NHÉ 


q 
This is the samet 


Terylens is a pol 
The monomers for t 
thalic acid. During c 
giving rise to ester À 
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"EGRE. аш; 


HGloc—<C)>-c00 HO ЫШ -о = 4,0 
2 VM eh 


Terephthalic acid исле T 
(1,4-benzene E pco 

dicarbuxylic ación. (Ethane-12 dip 

oe а 

-OC ^ 
| Doo аы | 
n 
Terylene 


Terylene is mainly use in ciothing and fishing lines. | 
Among the advantages of synthetic fibers are; 

(i) Lightness of weight (ii) Ease of ironing 

(iii) Softness and (iv) Heat retention or heat conductivity, 


Position in Pakistan:- The manufacture of synthetic fibers is one Of the 


branches of the chemical industry that has been developi А 

х À : ping at a very fast 
our country, Govt. of Pakistan IS taking all the measures "ei bd i Aoin 
tion of all kinds of artificial and synthetic fibers in the coming years. 


A number of industries have been established to manufacture synthetic 
fibers. 


11.5 PLASTICS 


Modern plastics are assuming an ever i 
economy. These are macromolecules, fe 
molecules. In other words, plast 
Ethylene, for example, is an unsai 
of suitable catalysts, The extra bor 
joins with many others of its 
polyethylene or Polythene. Li 


Polyethylene is the most cc 
to package foods. Poly propyle 
breakage and to temperature. 
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The transparent i Tushes Pollyme, 
Plastic used to make i i 
of methy] Methacrylate, an ester of an edad 2 v 
o bas 
C e a Benzoy| peroxide е 
UN 


| 
O=CH. ч 


H 


з 
с Yo y-CH, 
Methy] Methacrylate Perspex E 
Glass like 


Emake it useful asa glass 
Vehicles, T.V guardscreen: 


resistance to weatherin 
Ows, reflectors on auto 


PVA (Poly vinyl acetate) is the polymer of vinyl acetate 
(CH2= CHO.CO.CH3) is used in the Manufacture of chewing gum and in the 
water proofing of textiles. 


Bakelite isa Polymer of phenol and formaldehyde, 
Bakelite is used to 


make butions, switches, electrical boards, Cameras, radio and 
tclephone components, 


OH 


Although plastic 
various compositior 
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Fillers usually increase the mechan; 

: nical strength 
savings of the more cos ol Bth of pias 
flour, saw dust. Uy p ymer. Var ious fillers which "s ded od 2 

204 
Plastics are generally 
not very much affected b 
range of deformability and т 


shape and form can be manuf. 


actured, 
lastic Industry j i = Plastic Indy 
= $ = 
sists of moulding of plastic powders into variou try ia Pakista 


Types of Plastic Plastics are 


(1) Thermoplastic (ii) Thermo 


n 
s articles of dee” "—- 


of two types. 
setting 


(ii) Thermosetting plastics are those materials which ca 
once before they set ie 


thermosetting plastics do not Soften on reheatin 
phenol formaldehyde, urea formaldehyde, silicon 
11.6 PAINTS 
You must be familiar with th 
for the decorative and protective 
them from corrosion or rusting. 


Es etc, 


e walls, doors, windows, etc. that arc painted 
purposes. Iron articles are painted to preven 


A paint is usually composed of hree compe ne: 15:— 
(i) А binder or vehicle which hardenstoform 

(ii) A pigment which suppli: 

(iii) A volatile solvent which. 

In an Oil - based paint, linseed c 

usually turpentine, a mixture of hyc 

Pigment may be titanium dios de, 

yellow (PbCrO,), oxides of iron | 

colours, White lead having approx 

once extensively used, but it has m 

toxicity of lead. Infant illnesses hav 

old lead paint. 
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In Water based paint (Emulsions) a synthetic polymer with rubber like 
Properties is used as the binder. These "Latex" paints are emulsified in water to 
Blve a variety of spreading characteristics. Dyes and pigments may be added to 
Elve desired colours. Among the plastics uscd in latex paints are polyvinyl 
acetate, polymethyl methacrylate, polystyrene, styrenc-butadiene copolymers 
and polytetrafluoro ethylene (Teflon). Paints can be formulated with fantastic 


variety of colours, textures and resistances. 


Varnishes:- Varnish is a mixture of resins, a volatile organic solvent Such 
as ether, and a drying oil such as linsced oil. Resin is dissolved in a volatile 
organic solvent and then a drying oil is added when varnish is obtained. 


The drying oils (linsced oil) consist of esters of highly unsaturated acids 
containing two or more double bonds. Such oils absorb oxygen when exposed 
to air and form tough solid water insoluble film. 


A varnish which also contains a drying oil when it is applied ona surface, 
forms tough, solid, durable and glossy film. As a matter of fact, the volatile 
organic solvent evaporates quickly and the drying oil absorbs oxygen, dries up 
forming water insoluble tough film on the surface. The glossy appearance is due 
to the presence of resin. 


Paint Industry in Pakistan:= A number of multinational companies are 


involved in the preparation of paints of various kinds. 
Names of some of industries in Pakistan are given below: 


læ “Berger Robbialac, Karachi. 
2. I.C.I. Dulux, Lahore. 
3. Buxly's paints, Karachi. 


ASSIGNMENT 


1. What is a fertilizer? Give name 
2. What Is a detergent? 
3. Wbat do you know ab 


4. Write short note ойї 
characteristics? 


5. What do you knc wal 
6. Write short notes on 

(i) Paints (ii) V 
7. What is the diffi 


te its 
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